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 A direct finance, an alternative finance option against a mortgage, plays a notable role in 
housing market. The alternative helps buy-to-let investors respond better to the changes in 
economic conditions so it may hinder the effectiveness of mortgage regulations. Also, the prices 
of the rental submarket backed by a direct finance provide an additional information about 
housing values. The paper studies the roles of a direct finance, finds the empirical evidences, and 
expects that they will last despite the decreasing finance cost of a mortgage. 
 Chapter 1 examines the short-term impacts of the limit on the number of mortgage loans 
per household on housing market in a case that households can utilize a direct finance. Tighter 
mortgage regulations are likely to decrease house prices or calm the speculation in houses. With 
the alternative finance option available, however, the effect on house prices might lose its 
intensity. The study exploits two distinctive conditions in South Korean housing market to 
examine it: the commanding presence of a direct finance and the difference in mortgage 
regulations between regulatory zones. Using recent rezoning measures and the difference-in-
differences method, I document that the regulation placed on the number of mortgage loans may 
affect house prices, but its impacts vary due to a direct finance. In the areas with high expected 
capital gains and a low regional rent-to-deposit ratio, the impact on house prices is insignificant, 
but that on rental submarket is significant. The chapter suggests the theoretical explanation that 
investors move between rental submarkets to avoid the regulation and there is no decision 
change in sell-and-buy market. The findings imply that stricter mortgage regulations may not 
affect house prices when an alternative finance option is available and that the regulations would 
work in the direction that they deepen the polarization of housing markets. 
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 Chapter 2 focuses on the long-run equilibrium relationship between the shares and the 
costs of finance options in buy-to-let housing market. It is also investigated how the long-run 
link is restored when the deviation from the equilibrium happens. A vector error correction 
model (VECM) is applied to this end. By studying the condominium lease market of Seoul, 
South Korea, I find the existence of the long-run relationship between the relative quantity and 
costs of finance options, and the role of the adjustment in the relative price. The price adjustment 
weakens the impact of finance cost change on the relative quantity. The findings suggest several 
possibilities: the persistent role of a direct finance in spite of the decreasing mortgage rates; the 
limited effectiveness of monetary policy and financial regulations; and the negative repercussion 
of strict mortgage regulations, especially for the lessees with low income and little wealth. 
 Chapter 3 explores the magnitudes and the sources of the housing price differentials 
between areas (“geographical premium”). By using the prices of the rental submarket backed by 
a direct finance, house prices are divided into investment value and residential value. In 
empirical study of Gangnam districts in Seoul, I find that the distance to the Central Business 
District, the distance to private schooling cluster and the percentage of population with graduate 
diploma are significant factors to explain the premium on the houses in Gangnam districts. After 
controlling for observed characteristics, the geographical premium due to unobserved factors 
represents 35.4% of the average of house prices in Gangnam districts. Investment-related part 
accounts for 80.4% of the total premium. The subgroup analyses indicate that geographical 
premiums are smaller within houses which are located near subway station. The investment-
related premium within houses more than 20 years old is fairly large, which means the old 
houses in Gangnam districts seem to serve as an investment vehicle. Large families are likely to 
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CHAPTER 1: THE EFFECT OF MORTGAGE REGULATIONS ON HOUSING 
MARKET WITH ALTERNATIVE FINANCE OPTION 
 
1.1 Introduction 
Credit growth is positively related to the level of asset prices. In a housing market, 
generous or aggressive mortgage standards are correlated with an increase in house prices (Duca 
et al., 2011; Gimeno and Martinez-Carrascal, 2010), whereas tighter mortgage standards should 
lead to lower house prices. One issue is the direction of causality between credit supply and 
house prices, and most of the analysis in this field is subject to endogeneity concerns (Favara and 
Imbs, 2015). However, recent empirical studies identifying exogenous shocks show the causal 
effect of generous credit supply on house prices. By running the difference-in-differences 
method, Adelino et al. (2012) find that houses that become eligible for the higher conforming 
loan limit (CLL) experience higher house prices after the change in CLL.1 Favara and Imbs 
(2015) find that state-level banking deregulation which makes mortgage standards more 
generous leads to the subsequent increase in house prices by state. 
Building on the literature, this chapter investigates that the change in credit supply caused 
by mortgage regulations affects housing market in different ways depending on housing market 
and regional economic conditions. The conditions might be the (un)observable which should be 
considered as a part of explanatory variables. However, the empirical studies to measure their 
impacts would suffer from a lack of consistent time series of the exogenous changes in mortgage 
regulations to reflect a variety of combinations of the conditions. The approach of this chapter is 
                                                 
1 The conforming loan limit in the US is the maximum size of a mortgage that Fannie Mae and Freddie Mac will 
purchase or guarantee. 
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to construct the model of households’ decision mechanism, to give the necessary conditions for 
the resulting market reaction to exogenous shocks, and then to verify it empirically. 
The model considers the following as the condition factors: the availability of an 
alternative finance option against a mortgage, the expected return on equity (ROE) of each 
available option, and the difference in regional rent-to-deposit ratios which are relative prices of 
houses in regional rental submarkets. Without the alternative, households will decide whether to 
keep or sell a house currently backed by a mortgage when new mortgage regulations cause credit 
crunch. If the expected ROE is sufficient to bear the loss due to the credit crunch, households 
will keep the house so that there is no impact. If not sufficient, they will sell it and affect house 
prices. However, the alternative finance option provides an additional decision opportunity to 
change a financing channel and move between rental submarkets backed by each finance option. 
The opportunity could mitigate the impacts of credit supply shocks on house prices. 
Consequentially, the reduction in impacts on sell-and-buy market would transfer to rental 
submarkets. However, the transferred impacts would be different by rental submarket. This is 
because the change in finance option leads to the changes in house supply in each rental 
submarket, respectively in reverse directions. One could detect the impacts of transferring by 
identifying the resulting changes in rental prices in each submarket in the short run. The 
difference in regional rent-to-deposit ratios between areas, meanwhile, plays an important role in 
determining the possibility of transferring from sell-and-buy market to rental market. 
The empirical study identifies the exogenous changes in regulatory zoning in Seoul, 
South Korea, which consequently limit the maximum number of mortgage loans per household 
when a household has house(s) in certain areas. The limit causes a significant credit crunch to 
some of such households. The other thing is that there exists an alternative home financing 
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channel (called “Jeonsei”) with great presence in South Korea. Thus, the empirical study 
examines the impacts of tighter mortgage regulations in a case where a substitute finance option 
is available. The difference-in-differences method is used to estimate its impacts on housing 
market. The treated and control groups are carefully selected following the recommendations in 
Black (1999) in order to reinforce exogeneity. In addition, several placebo tests are performed to 
ensure the robustness of the results. 
The empirical results are consistent with the theoretical expectations from the model of 
decision mechanism. The reduction in credit supply exerts downward pressure on house prices. 
However, for the residential areas with large expected capital gains and a low rent-to-deposit 
ratio, its impact on house prices is insignificant and it causes a significant depreciation in rental 
prices of Jeonsei submarket. It seems that the downward pressure on house prices is absorbed by 
the households’ decision of changing finance option in the areas. On the other hand, for the areas 
with smaller expected capital gains, the regulation takes effect on the sell-and-buy market and 
decreases house prices. 
These findings provide meaningful policy implications. Even though the goal of tighter 
mortgage regulations is to cool down the sell-and-buy housing market, it could hardly be 
achieved. Households or investors would respond through refinancing with the alternative 
finance option and would still pursue the capital gains. Furthermore, the polarization of housing 
markets (“flight-to-quality”) would be triggered by those kinds of regulations because their 
effects on housing market vary with the conditions of regional housing market in the direction of 
promoting it. 
Chapter 1 makes several contributions to the literature. First, it takes into account the 
existence of alternative home financing channel, and highlights the limitation of mortgage 
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regulations effectiveness. It would be more suitable for the financial circumstances in developing 
countries where a mortgage loan does not often serve the home financing demand properly and 
alternative options might serve it partially. Secondly, the chapter documents the evidence that 
mortgage regulations may have an impact on rental housing market. It identifies the channel of 
impact transferring from sell-and-buy market to rental market and the necessary condition under 
which the impact transferring occurs. Thirdly, the article points out diverse aspects of the 
impacts of mortgage regulations. Even if the impacts on sell-and-buy market are insignificant, it 
is necessary that one also examines the regional market conditions and the impacts on rental 
housing market. This would amplify the study on relationship between credit supply and house 
prices. 
The rest of this chapter is structured as follows. Section 1.2 explains home financing 
methods in South Korea, some regulatory background, and the rezoning measures of interest. 
Section 1.3 shows the analysis of households’ decision mechanism of holding and financing 
houses. Section 1.4 presents identification strategy and empirical results. Several validity checks 
including placebo tests are also performed. Section 1.5 provides conclusions and implications. 
 
1.2 Background 
1.2.1 Home Financing in South Korea 
In general, there are three types of finance options in housing market: a self-financing, a 
direct finance, and an intermediate finance (Chiquier and Lea, 2009).2 A self-financing means 
buying outright. The self-financed purchase money could be gifted or accrued through savings. 
                                                 
2 Installment sales can also be one of finance options where developers finance through deferred payments. 
However, the focus in this chapter is on the sales or lease markets of existing homes. It is also considered that there 
is a few new residential construction in metropolitan areas. 
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A direct finance is an agreement between individuals (i.e., a lessee and a lessor) so it does not 
involve an intermediary financial institution. In a direct finance arrangement, a lessee and a 
lender (or a lessor and a borrower) are identical so that a property lease agreement and a loan 
agreement are made at the same time. The representative example of a direct finance is 
Antichresis which is used in South Korea (called “Jeonsei”), Latin American countries (called 
“Anticrético” in Bolivia), and some provinces in India (Aquino, 1949; Navarro, 2008; Kim 
2015). An intermediate finance is funding by financial institutions. The representative example 
of an intermediate finance is a mortgage loan. Chiquier and Lea (2009) point out that the more 
deeply financial sector develops, the more popular home financing through intermediary 
financial institutions is.  
In South Korea, although a mortgage loan by financial institutions has gotten more 
popular, Jeonsei has a commanding presence in buy-to-let market.3 A mortgage loan by 
commercial banks was introduced in the 1990s, and a long term mortgage loan has been 
available since 2004. As a result of the decreasing mortgage rates after the 2008 global financial 
crisis, the share of houses backed by a mortgage grows rapidly in housing market. However, 
Jeonsei has had a substantial role since before a mortgage loan was introduced. It is assumed that 
this is because Jeonsei is mutually beneficial to both a lessee and a lessor: as a low-cost housing 
agreement and as an alternative home financing channel (Kim, 2015). Currently, Jeonsei 
represents about 60-80% of total new residential lease agreements for condominiums in Seoul. 
This is a different feature that houses backed by a buy-to-let mortgage dominate the buy-to-let 
market in the United Kingdom and the United States. 
                                                 
3 Buy-to-let refers to a form of property investment that is the purchase of house to rent it out to tenants, and thus the 
buy-to-let market includes a rental property market. Buy-to-let investors seek capital gains and/or rental revenue. 
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Jeonsei is a deposit-only lease arrangement under which the use of the capital by a lessor 
and the consumption of housing services by a lessee are exchanged (Renaud, 1989). It is one 
kind of standard residential lease agreement in South Korea that requires the followings: only the 
deposit is transferred from a lessee to a lessor at the residency starting date, there is no periodic 
rent during its term, and the deposit must revert to the lessee at the end date of the contract. 
Jeonsei is legal, and the return of deposit is protected by the law on housing lease. As mentioned, 
Jeonsei is a lending agreement as well as a lease agreement. But there is no periodic interest so it 
is similar to an arrangement that, in return for residing in a house, a lessee buys a zero-coupon 
bond which is issued by a lessor and has the same maturity date as the end date of residency 
agreement.4 The graphical descriptions of the respective structures of buy-to-let activities backed 
by Jeonsei and a mortgage are shown in Figure 1. 
Implicitly, a lessee pays rents as much as an opportunity cost of money which is paid for 
the deposit. Nevertheless, Jeonsei is beneficial to some lessees. This is, roughly, because the 
rent-to-deposit ratio, a ratio between rental prices of monthly-rent market and Jeonsei market 
which indicates the amount of annual rent per one unit money of deposit, is usually higher than 
CD rate, a proxy of interest rate on savings, as shown in Figure 2. 
Jeonsei is also beneficial to lessors (or buy-to-let investors) in spite of a loss of monthly 
rental profit. Because the rent-to-deposit ratio is usually higher than mortgage rate as shown in 
Figure 2, a lessor with Jeonsei arrangement has to forgo the monthly rental profit which is the 
difference between the rent-to-deposit ratio and mortgage rate approximately. But Jeonsei is a 
useful financing channel for investors who pursue capital gains only. In practice, a buy-to-let 
                                                 
4 Because the term of Jeonsei is typically two years after staring to reside, Jeonsei has cash flows of two-year repo 
with zero interest rate (Kim and Shin, 2013). 
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investor pursuing capital gains often purchases a house which is already under Jeonsei 
arrangement, and takes over the current Jeonsei arrangement which was made between a tenant 
and a former house owner. Furthermore, the amount of down payment could be smaller with 
Jeonsei than with a mortgage loan.5 More importantly, Jeonsei may play a role in avoiding the 
mortgage regulations. Jeonsei helps one invest in residential properties except through financial 
institutions so that it makes the investor not directly subject to mortgage regulations such as the 
Loan-to-Value (LTV) and Debt-to-Income (DTI) ratios. 
Jeonsei arrangement creates a market segmentation in a sense that lessors and lessees are 
self-selected respectively and divided into groups who will respond similarly to given economic 
circumstances and individual characteristics such as interest rate on savings, mortgage rate, rents 
and rental property operating expenses.6 Because Jeonsei is a lease arrangement as well as a 
finance arrangement, the segmentation can be viewed in two aspects. First, in aspect of leasing 
property market, the segments created are composed of two rental submarkets which are Jeonsei 
market and monthly-rent market. Lessors and lessees are respectively divided into two groups. 
Some of lessors would pursue capital gains only and supply houses in Jeonsei market. The others 
would pursue capital gains and rental profit together, and supply houses in monthly-rent market. 
Likewise, some of lessees would choose Jeonsei, and the others would choose a monthly-rent 
contract. The detailed discussion is presented in Section 2.3. Secondly, in aspect of financing 
                                                 
5 The Loan-to-Value (LTV) ratio is 40% for the areas of interest, which means that the amount of down payment is 
60% of the house price when borrowing through a mortgage. On the other hand, the deposit-to-price ratio is 57.2% 
on average in Seoul as of November 2019, which means that the amount of down payment is 42.8% on average 
when borrowing through Jeonsei. 
6 The market segmentation here has a slightly different meaning in comparison to that in marketing. It is assumed in 
marketing that a large company groups similar consumers together who share characteristics. But it is assumed here 
that any lessor does not have dominant or monopolistic supplier position in rental property market, and that many 
lessors compete for heterogeneous lessees. Also, the market segmentation here is used in a manner that is different 
from its usual meaning in urban economics. Housing submarkets are often divided in terms of geographic area in 
urban economics. But the submarkets here are divided in terms of type of arrangement. 
8 
 
market, the segments are composed of self-financing, Jeonsei, and mortgage financing. The 
important thing is that Jeonsei is incompatible with self-financing or a mortgage. Jeonsei is a 
form of borrowing which cannot be compatible with self-financing. Also, Jeonsei is incompatible 
with a mortgage in general. This is mainly because both Jeonsei and a mortgage are a secured 
loan. Banks do not offer a mortgage loan for the house which is already under Jeonsei 
arrangement because the lessee is a senior creditor so banks could not secure the loan fully. By 
the same token, most of lessees do not accept a Jeonsei arrangement to lease the house which is 
already put up as collateral for mortgage. In result, the rental property market is divided into two 
main submarkets: Jeonsei market and monthly-rent market. Houses backed by Jeonsei are 
provided in Jeonsei market. Houses backed by a mortgage or self-financed are supplied in 
monthly-rent market. There is a mezzanine form which requires periodic rents and some amount 
of deposit, but the mezzanine market can be considered as a variation of the main submarkets. A 
mezzanine with large amount of deposit is a variation of Jeonsei arrangement, and a mezzanine 
with small amount of deposit is that of monthly-rent arrangement. 
There are two noteworthy results of the market segmentation. First, the change in 
financing channel between Jeonsei and any other option causes the supply changes in both rental 
submarkets, respectively in reverse directions. It follows that, other things being equal, the rental 
price level will change in both submarkets. For example, if a buy-to-let investor continues to 
hold a house currently backed by a mortgage but refinances it with Jeonsei, then the house 
supply increases in Jeonsei submarket and decreases in monthly-rent submarket, but there is no 
change in house supply in sell-and-buy market. Then, Jeonsei price will go down but monthly-
rents will rise in the short run. Even if some investors decide to supply the houses in a mezzanine 
market with large amount of deposit, this will absorb some of demand in Jeonsei market and put 
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downward pressure on Jeonsei prices. Secondly, the relative price between houses of each rental 
submarket can be derived by calculating the ratio between the annual rent in monthly-rent 
submarket and the deposit in Jeonsei submarket. The rent-to-deposit ratio represents how much a 
lessee should pay for rents annually instead of offering one unit of money for deposit, and in 
practice, it is often used to adjust the amount of deposit and periodic rents of mezzanine rental 
arrangements. As mentioned, the ratio which is larger than an interest rate on savings account 
means that Jeonsei is more advantageous than a monthly-rent arrangement to a lessee if the latent 
risks related to the deposit of Jeonsei arrangement are ignored. The ratio can be also derived by 
region so that a regional rent-to-deposit ratio implies how more profitable (or expensive) a 
monthly-rent lease is to a lessor (or a lessee) than Jeonsei in a relevant region. However, the rent-
to-deposit ratio cannot be derived for one house because only one type of rental arrangement can 
be observed at a time. Thus, the Korea Appraisal Board derives and announces the rent-to-
deposit ratio (called “conversion rate”) using the medians for a given area on a monthly basis. 
 
1.2.2 Regulatory Zones and Rezoning Measures 
For the sake of housing policy in South Korea, there are three regulatory zones: Zone A, 
B and C. The regulations of housing vary with the zone. All the regulations which apply to Zone 
C apply to Zone B. All the regulations which apply to Zone B also apply to Zone A. Thus, the 
strictest set of regulations applies to Zone A and the weakest set applies to Zone C. 
Consequentially, any rezoning measure causes the change in regulations. 
The difference in regulations between Zone A and B is of interest in this chapter. There 
are three additional regulations which apply to Zone A only: (i) households that have house(s) in 
Zone A are not allowed to get more than one individual mortgage loan, and if the number of 
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outstanding mortgage loans is more than one, their maturity extensions are not allowed; (ii) 
corporate mortgage loans are prohibited to purchase houses in Zone A; and (iii) households that 
have a house in Zone A are not allowed to get the capital gains tax exemption benefit when 
holding a house in agricultural and fishing villages.  
However, the impact of the rezoning measure that reclassifies an area from Zone B to 
Zone A (or the difference in regulations between Zone A and B) can be considered the impact of 
limit on the number of individual mortgage loans per household. This is because only the first 
regulation has great applicability to actual transactions or lease arrangements. Table 1 shows that 
at least 47.8% of houses would be owned nationwide by households who have more than one 
house. Then, it can be assumed that 47.8% of houses in Zone A may be subject to the limit.7 
The other two regulations have little applicability. The corporate mortgage regulation 
prohibits the new purchases by corporates through mortgage loans only. The share of relevant 
transactions is very small. The houses bought by corporates represent 0.73% of all transactions in 
Seoul in 2017 and 1.73% in 2018 (Korea Appraisal Board, R-one System).8 Next, the withdrawal 
of capital gains tax exemption has negligible applicability because of the following reasons. 
First, the eligible households for the exemption would be few. The exemption applies to the case 
that a household has two houses only, and one out of the two houses has to be in agricultural and 
                                                 
7 The microdata on the location of whole houses is not available. The aggregate data on where the houses owned by 
households who have more than one house are located is not available, too. However, the aggregate data on where 
the households who have more than one house live is available. Table 1 is made by using this available aggregate 
data, but it presents the figures on whole country. Table 1 indicates that the households who have more than one 
house represents 27.4% of total households nationwide in South Korea. The figure for Seoul is a little bit larger 
(27.6%). The figures for districts in Zone A are usually much larger than 27.4%. For example, Gangnam district 
which is one of districts in Zone A has 36.0% and Seocho district 35.2%. Assuming the households live in one of 
houses owned by themselves, it can be roughly guessed that the share of houses owned by multi-house-owner 
households in Zone A would be larger than 47.8%. 
8 This is also supported by the fact that 88.8% of the houses in Seoul are owned by households, and 11.2% are 
owned by the central and local governments, corporates, foreigners, clans, etc. (Statistics Korea, 2019). 
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fishing villages. To qualify for the exemption, the house in agricultural and fishing villages has 
to be bought from August 2003 to December 2017, held for more than three years, and less than 
660 square meters. Secondly, even if it is the case where a household is eligible for the 
exemption, households should not decide to sell a house in Zone A only due to the withdrawal of 
the exemption. In other words, the withdrawal should have no impact on decisions about houses 
in Zone A.9 Rather, in practice, households are highly likely to sell a house in agricultural and 
fishing villages to reduce the number of houses owned and decrease the total amount of capital 
gains tax. This is because the applied rate of capital gains tax is calculated based on the number 
of houses owned by a household on the date of the sale of property in South Korea, and the more 
the number of houses is, the higher the applied rate of capital gains tax is; and because houses 
located in Zone A usually give the larger amount of capital gains than houses in agricultural and 
fishing villages. Therefore, the corporate mortgage regulation and the withdrawal of capital gains 
tax exemption would rarely affect the decision about houses in Zone A. 
This chapter uses the recent changes in the regulatory zones in Seoul as an instrument for 
exogenous variation in mortgage regulations. All 25 districts in Seoul were Zone C until August 
2, 2017, but there were two rezoning measures on August 2017 and August 2018. On August 2, 
2017, the Korean government announced that 11 districts are designated as Zone A and 14 as 
Zone B, which is hereinafter referred to as the 2017 rezoning. The date of enforcement is August 
3, 2017. More regulations applied to all districts than before, but the limit on the number of 
mortgage loans began to apply to 11 districts only. This offers a chance to examine the impact of 
the limit by comparing price outcomes in the 11 districts with those in the other 14 districts.10 
                                                 
9 Because the capital gains tax can be imposed only when a tax payer sells a house, it is unnecessary to consider the 
decision of leasing. 
10 The sample in Chapter 1 consists of the transactions in the border areas which are within 1 km distance to the 
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After that, on August 27, 2018, the government announced that 4 districts in Zone B are 
reclassified from Zone B to Zone A, which is hereinafter referred to as the 2018 rezoning. The 
date of enforcement is August 28, 2018. Accordingly, the limit on the number of mortgage loans 
began to apply to the new Zone A districts. This provides another chance to study the impact of 
the regulation by comparing price outcomes in the new Zone A districts with those in the 
remaining Zone B districts. More interestingly, the comparison of the impacts of two measures 
would suggest that the impacts of the mortgage regulation on housing market vary with regional 
conditions. Figure 3 shows the geography of rezoning. 
 
1.3 The Model 
1.3.1 Decision Options 
With alternative sources of funds available, households can make a decision on whether 
to hold a house and how to finance it together. Three types of finance options can be considered 
in general as mentioned above. For simplicity, however, a self-financing is excluded from the 
discussion. This is plausible because of the following reasons. First, the effect of choosing a self-
financing can be negligible. The households subject to the new regulation are those who finance 
more than one house with mortgage loans currently. Changing over from a mortgage to a self-
financing would not cause the change in house supply in both sell-and-buy and rental markets. 
Recall that both the houses self-financed and backed by a mortgage are supplied in monthly-rent 
market. Secondly, there are few households who keep enough idle money to refinance a house 
which should be available in a short time. Thus, there would be few households who refinance 
by themselves in the post-treatment period under consideration. 
                                                 
border between Zone A and B rather than all the transactions in Zone A and B. 
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Now, households can choose one of three decision options: to sell a property, to 
hold/finance with a mortgage, or to hold/finance with Jeonsei.11 Suppose that households choose 
the best finance option in terms of the expected ROE. The ROE is one of important profitability 
ratios to measure how much the profit is earned on each unit of money. The expected ROEs of 
each option for household 𝑖 are as follows: 
 
   𝑅𝑂𝐸𝑖




     (1) 
   𝑅𝑂𝐸𝑖
𝐽  =  
∆𝑃𝑖
𝑃−𝐵
       (2) 
   𝑅𝑂𝐸𝑖
𝑆  =  𝑖𝑖






𝑆 represent the expected ROE of holding/financing a house with a 
mortgage, that of holding/financing it with Jeonsei, and that of selling it, respectively; ∆𝑃𝑖 is the 
expected capital gains of household 𝑖; 𝑘 is a loss rate of operation (e.g., delayed rent payments 
due to tenant’s liquidity problem, income tax, and so on); 𝑅 is the amount of annual rent; 𝑖𝑖
𝑀 is 
the interest rate of mortgage loan for household 𝑖; 𝐵 is the amount of borrowing; 𝑃 is a house 
price; and 𝑖𝑖
𝑆 is the return of alternative investment for household 𝑖.12 The expected ROE of a 
mortgage financing is affected by expected capital gains, annual rent, annual mortgage interest 
payment, and down payment.13 For Jeonsei, because there is no rent and interest payment during 
                                                 
11 It is of little importance whether a residential property is owner-occupied or tenant-occupied because of the 
following reasons. (i) The decision under consideration in this chapter is on the ownership of house, but the decision 
on residency is another matter. It is plausible to consider owner-occupancy as living at the same cost in the same 
area where the house owned is located. (ii) Especially with regard to the discussion about rental property market (or 
buy-to-let market), there is no owner-occupied properties. 
12 Equation (1) and (2) are adapted from Lee and Doh (2015). 
13 The tax deductions and credits for mortgage interest is not considered in the model because of the following 
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the term, its expected ROE is affected by expected capital gains and down payment. The 
expected ROE of selling a property is the return of alternative investment. Households would 
choose the option that gives the highest expected ROE. 
 
1.3.2 Decision Mechanism 










𝑆}     (4) 
 
Inequality (4) means that the house currently backed by a mortgage gives the highest ROE when 
being financed with a mortgage than when being financed with Jeonsei or being sold. Inequality 
(4) can be rewritten as follows: 
 
𝑖𝑖







}    (5) 
 
Inequality (5) presents that a household using buy-to-let mortgage has the cheapest finance rate 
with a mortgage rather than other financing methods. 
                                                 
reasons. First, in South Korea, the tax deductions can be claimed when a household has one house of which the 
assessed value is less than 500 million Korean Wons (about 500 thousand dollars). However, the households affected 
by the regulation are those who have more than or equal to two houses, and the model of the section 3.2. assumes 
that the household have two houses. Secondly, many households cannot claim the tax deductions even though they 
have one house. This is because the assessed value in most condominiums of Seoul is equal to 70% of the market 




There are two noteworthy things regarding (4). First, households who have the 
relationship of 𝑅𝑂𝐸𝑖
𝐽  ≤  𝑅𝑂𝐸𝑖
𝑆 act as if they have no alternative finance option. If the expected 
𝑅𝑂𝐸𝑖
𝑀 becomes significantly low due to mortgage regulations, they decide to sell a house with 
no consideration of Jeonsei. Secondly, the second best of decision options does not have to be 
selling a house for every household, which may play a role in affecting rental property market, 
not sell-and-buy market. Some households would expect the larger capital gains for a house than 
revenues from an alternative investment – i.e., 𝑅𝑂𝐸𝑖
𝐽  ≥  𝑅𝑂𝐸𝑖
𝑆. In this case, the households will 
utilize Jeonsei if needed due to mortgage regulations. This indicates that the households will 
decide to (re-)finance it with Jeonsei to hold it. The decision will not affect sell-and-buy market. 
But its impacts will transfer to rental submarkets. The households will move from monthly-rent 
submarket into Jeonsei market because of the market segmentation as mentioned, so that they 
will supply house(s) in Jeonsei market. 
The model below presents the decision mechanism in a more detailed manner. 
Households subject to the limit on the number of mortgage loans are those who would decide to 
hold and finance more than one house including at least one which is located in Zone A with 
mortgage loans if the limit would not be imposed.14 Suppose that household 𝑖 has two houses: 
house 𝑎 in area 𝐴 and house 𝑏 in area 𝐵. Area A is located in regulatory Zone A. Area B can be 
located in any regulatory zone: Zone A, B, or C. Also, suppose that the amount of borrowing for 
house 𝑎 is the same as that for house 𝑏, and that households who finance with mortgage loans 
                                                 
14 There are three types of households who are subject to the limit on the number of mortgage loans: (i) households 
who already finance more than one property with mortgage loans including at least one property in Zone A; (ii) 
households who already finance one property in Zone A (or outside of Zone A) with a mortgage loan, and want to 
buy more property in any area (or in Zone A) financing with mortgage loans; and (iii) households who hold no 
property and want to buy more than one property including at least one property in Zone A financing with mortgage 
loans. It turns out that these types are equivalent to each other. The only difference is that the decision of selling a 
house (or holding a house) for those who already hold a house should be the decision of not buying a house (or 
buying a house) for those who want to buy a house now. 
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utilize one mortgage loan per house. Inequality (4) should hold for both house 𝑎 and 𝑏. Then, the 











𝑆} and    










𝑆}    (6) 
 
where the superscripts 𝑎 and 𝑏 indicate house 𝑎 and 𝑏, respectively; and the others are the same 
as in (1), (2) and (3). Notice that 𝑖𝑖
𝑀 and 𝑖𝑖
𝑆 are common for both house 𝑎 and 𝑏; and that 𝑃𝑎, 𝑃𝑏, 
𝑅𝑎, and 𝑅𝑏 are common for any household. 
With the limit on the number of mortgage loans per household imposed, it should be 
considered that the regulation alters the expected ROE of a mortgage loan. This is because, to 
keep a mortgage loan for one house, a household has to forgo a part of the expected revenue 
from the best decision option (i.e. financing with a mortgage) for the other house, and choose the 
second best. Notice that the expected ROEs for house 𝑎 and 𝑏 cannot be compared directly 
because the amounts of down payment are different. The household’s decision is analyzed in 
aspect of the expected ROEs for house 𝑎 because the focus in the analysis is on the impacts on 
house 𝑎. The detailed discussion through the total expected revenue of a household which gives 
the same results is presented in Appendix A. After reflecting the expected loss of revenue, the 















𝑆}    (7) 
 
where 𝐿𝑖 =  ∆𝑃𝑖
𝑏 + (1 − 𝑘)𝑅𝑏 − 𝑖𝑖





𝑆}. The left hand side of (7) is 
hereinafter referred to as the adjusted 𝑅𝑂𝐸𝑖,𝑎
𝑀 . The term of 𝐿𝑖 represents the expected loss of 
revenue from house 𝑏 which is the difference between revenues of the best and the second best 
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 ≤  𝑖𝑖
𝑆,  𝐿𝑖 = ∆𝑃𝑖
𝑏 + (1 − 𝑘)𝑅𝑏 − 𝑖𝑖
𝑀𝐵 − (𝑃𝑏 − 𝐵 )𝑖𝑖
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𝑆. Type A households are those who expect large capital gains for 
house 𝑎 to the extent that 𝑅𝑂𝐸𝑖,𝑎
𝐽  ≥  𝑅𝑂𝐸𝑖
𝑆 holds, and type B households are those who expect 
small capital gains for house 𝑎 to the extent that 𝑅𝑂𝐸𝑖,𝑎
𝐽  ≤  𝑅𝑂𝐸𝑖
𝑆 holds – i.e., 
 




 ≥  𝑖𝑖
𝑆 









Because refinancing house 𝑎 with Jeonsei gives a larger expected ROE than selling it, a type A 
will not sell house 𝑎 even if the adjusted 𝑅𝑂𝐸𝑖,𝑎
𝑀  is significantly low due to the new regulation. 
On the other hand, a type B will sell house 𝑎 if the adjusted 𝑅𝑂𝐸𝑖,𝑎
𝑀  is lower than 𝑅𝑂𝐸𝑖
𝑆.  
Inequality (7) can be simplified by type and case as follows. 
 




 ≥  𝑖𝑖
𝑆,  
𝑅𝑎 − 𝑅𝑏  ≥  0      (7)΄ 




 ≤  𝑖𝑖
𝑆, 
−∆𝑃𝑖
𝑏 + (1 − 𝑘)(𝑅𝑎 − 𝑅𝑏) +  𝑖𝑖
𝑆(𝑃𝑏 − 𝐵) ≥ 0  (7)΄΄ 




 ≥  𝑖𝑖
𝑆, 
∆𝑃𝑖
𝑎 + (1 − 𝑘)(𝑅𝑎 − 𝑅𝑏) −  𝑖𝑖
𝑆(𝑃𝑎 − 𝐵) ≥ 0  (7)΄΄΄ 








𝑏) + (1 − 𝑘)(𝑅𝑎 − 𝑅𝑏) +  𝑖𝑖
𝑆(𝑃𝑏 − 𝑃𝑎)  ≥  0  (7)΄΄΄΄ 
 
Therefore, a type A household will act as follows. 
(i) Case (1-1): a type A household finances house 𝑎 with a mortgage and finances 





 ≥  
𝑅𝑏
𝐵
     (8) 
holds, and vice versa. Therefore, if (8) holds, there is no decision change with 
regard to house 𝑎, but if (8) does not hold, both the rental submarkets in Zone A 
experience the change in supply, respectively in reverse directions. 
(ii) Case (1-2): a type A household finances house 𝑎 with a mortgage and sells house 𝑏 
when (7)΄΄ holds, and a type A household finances house 𝑎  with Jeonsei and 
finances house 𝑏  with a mortgage when (7)΄΄ does not hold. Therefore, the 
household is more likely to finance house 𝑎 with a mortgage when (8) holds, ∆𝑃𝑖
𝑏 
is small, or 𝑃𝑏 is large; and more likely to finance it with Jeonsei when the opposite 
is the case. 
A type A household will not decide to sell house 𝑎 in any case regardless of the decision 
on house 𝑏. However, the household will (or will be more likely to) refinance house 𝑎 with 
Jeonsei when (8) does not hold. Although 𝑅𝑎/𝐵  (or 𝑅𝑏/𝐵) is the rent-to-deposit ratio perceived 
by the household for house 𝑎 (or 𝑏), it would be similar to the regional rent-to-deposit ratio for 
the corresponding area. The financing behavior of type A household is reasonable because a 
higher regional rent-to-deposit ratio indicates that a monthly-rent lease is more profitable to a 
lessor in the relevant area than in other areas. These conclusions indicate that the impacts on sell-
and-buy market would be insignificant in the areas where there are many type A households. 
Also, it is expected that the impacts on rental submarkets would be significant when the regional 
rent-to-deposit ratio of Zone A is lower than those in other areas. 
On the other hand, a type B household will act as follows. 
(iii) Case (2-1): a type B household finances house 𝑎 with a mortgage and finances 
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house 𝑏 with Jeonsei when (7)΄΄΄ holds, and a type B household sells house 𝑎 and 
finances house 𝑏  with a mortgage when (7)΄΄΄ does not hold. Therefore, the 
household is more likely to finance house 𝑎 with a mortgage when (8) holds, ∆𝑃𝑖
𝑎 
is large, or 𝑃𝑏 is small; and more likely to sell it when the opposite is the case. 
(iv) Case (2-2): a type B household finances house 𝑎 with a mortgage and sells house 
𝑏 when (7)΄΄΄΄ holds, and a type B household sells house 𝑎 and finances house 𝑏 
with a mortgage when (7)΄΄΄΄ does not hold. Therefore, the household is more likely 
to finance house 𝑎 with a mortgage when ∆𝑃𝑖
𝑎 ≥ ∆𝑃𝑖
𝑏, (8) holds, or 𝑃𝑏 ≥ 𝑃𝑎 holds; 
and more likely to sell it when the opposite is the case. 
The list of possible decisions of a type B household includes selling house 𝑎. Type B 
households’ decisions can affect the sell-and-buy market in Zone A depending on the house 
prices, the expected capital gains, and the regional rent-to-deposit ratios. Once the impact takes 
place, it will put a downward pressure on house prices. On the contrary, a type B household will 
not affect the rental submarkets in Zone A.15 
 
1.3.3 Expectations and Policy Implications 
The case that there is no alternative finance option is equivalent to Case (2-2). As 
mentioned in the case, households will not change the decision on house 𝑎 in Zone A or they will 
sell it. Therefore, house prices could decrease, but there would be no change in rental prices. 
                                                 
15 It is implicitly assumed that the distribution of decisions the new house 𝑎 buyer made is the same as that of the 
current owners before the limit regulation. 
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For the case with a direct finance option, there are at least three meaningful expectations. 
First, the more type A households there are, the less significant the downward impact on house 
prices would be. Secondly, the more type A households there are, the more significant the 
impacts on rental submarkets would be when the regional rent-to-deposit ratio of Zone A is 
lower than those in other areas – i.e., the rental prices (the amounts of deposit) of houses for 
Jeonsei would depreciate due to the increasing supply, but the rental prices (rents) of houses for 
monthly-rent arrangement would appreciate. Thirdly, and on the other hand, the more type B 
households there are, the more significant the downward impacts on house prices would be, but 
the less significant the impacts on rental submarkets would be. 
The expectations provide some policy implications. First, the limit on the number of 
mortgage loans would lead to the polarization of house prices or housing markets. The limit does 
not affect the decision on holding a house of which the expected capital gains are sufficiently 
large, but it may force households to sell a house of which the expected capital gains are small. 
Then, the regulation would not affect house prices in the areas where property prices are 
expected to rise high, but it would exert more downward pressure on house prices in a cool 
market. In other words, the phenomenon known as “flight-to-quality” would happen in housing 
market. Secondly, the stabilization of house prices in certain areas would not be achieved. This is 
mainly because the alternative finance option provides a detour to chase capital gains. 
Furthermore, the limit on the number of mortgage loans hardly affects house prices in any area 
when the expected capital gains from properties are significantly large over the area. This falls 
into the case that there are many households who are in Case (1-1). As mentioned, a type A 
household in Case (1-1) will not sell any house and will respond to the regulation through 
refinancing with Jeonsei. If the amount of borrowing is larger through Jeonsei than through a 
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mortgage, the ineffectiveness of the regulation would be serious because households have little 
difficulty in refinancing through Jeonsei. Thirdly, the impact transferring from sell-and-buy 
market to rental submarkets caused by the new regulation can result in a negative impact on the 
lessees who choose monthly-rent arrangement. Due to the rental market segmentation, the limit 
could reduce the supply of houses in monthly-rent market. It should be paid attention to that 
some of them have no choice but to choose a monthly-rent arrangement because a large deposit 
is not affordable for them. 
 
1.4 Estimation 
1.4.1 Identification Strategy 
The regulatory rezoning measures provide a chance to examine the effect of mortgage 
regulations on the housing market. As discussed, the impacts of the difference in regulations 
between Zone A and B (or the rezoning measure that reclassifies an area from Zone B to Zone 
A) can be considered those of the limit on the number of mortgage loans per household. The 
study applies the difference-in-differences method to the sample of houses in the border areas 
which are within 1 km distance to the border between Zone A and B. The identification strategy 
is as follows: 
 
𝑃𝑖𝑗𝑠𝑡 = 𝛼 +  𝛽𝑠 ∙ 𝐴𝑓𝑡𝑒𝑟𝑠  +  𝛽𝑡 ∙ 𝑇𝑟𝑒𝑎𝑡𝑡  +  𝛽𝑑𝑑 ∙ 𝐷𝑠𝑡  +  𝛾𝑗  +  𝛽𝑋 ∙ 𝑋𝑖𝑗𝑠𝑡  +  𝑖𝑗𝑠𝑡    (9) 
 
where 𝑖 denotes individual transaction, 𝑗 denotes border area, 𝑠 denotes period (pre- or post-
treatment), 𝑡 denotes area (area in Zone A which is treated or area in Zone B which is 
controlled), 𝑃𝑖𝑗𝑠𝑡 is the log of outcome price (house price in the sell-and-buy market or rental 
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price in the corresponding rental submarkets), 𝛼 is a constant, 𝐴𝑓𝑡𝑒𝑟𝑠 is an indicator of post-
treatment, 𝑇𝑟𝑒𝑎𝑡𝑡 is an indicator of treated area that is in Zone A, 𝛽𝑑𝑑 is a difference-in-
differences coefficient of interest, 𝐷𝑠𝑡 is an indicator which equals 𝐴𝑓𝑡𝑒𝑟𝑠 × 𝑇𝑟𝑒𝑎𝑡𝑡, γ𝑗 
represents border area fixed effect, and 𝑋𝑖𝑗𝑠𝑡 is a vector of houses’ characteristics. Notice that 
each border area 𝑗 is neither a subset of treated area (in Zone A) nor that of control area (in Zone 
B) because it represents the border area between Zone A and B. Figure 4 presents an example of 
data collection. 
To draw a meaningful inference, it is necessary to ascertain that the identified change in 
regulation is exogenous to the current state of the housing market. One concern of a selection 
bias is the requirement of designation of Zone A. Some of the areas that experienced a higher 
increase in house prices in a recent past month are designated as Zone A. Thus, it is concerned 
that the past rate of increase in house prices might be related to the future rate of change in house 
prices. There are two possible ways that the relationship works: negative or positive ways. 
However, these concerns can be ruled out. For a negative way, it is not plausible to imagine that, 
after a rezoning measure, house prices are more likely to decrease due to unobserved 
heterogeneity in the areas that experienced a high increase in prices in a recent past month. Also, 
a positive way would create bias in the opposite direction when the estimated impact is negative, 
so that the estimated impact should show the lower bound in terms of absolute value. Then, the 
concern is not serious because the literature expects that the impacts of stricter mortgage 
regulation would lead to a decrease in house prices. Nonetheless, a positive way may still be 
problematic when the goal of study is to show that the stricter regulation has no impact. To help 
further rule out this concern, the treated and control areas are carefully selected following the 
recommendations in Black (1999). I used the sample of houses in the border areas which are 
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within 1 km distance to the border between Zone A and B. Even if the difference in past rates of 
housing price increase between the whole Zone A and B is large on average, the difference 
between the border areas of Zone A and B would be small. In addition, they share the dwelling 
environment. So the border area in Zone B would provide a good measure of counterfactual of 
the border area in Zone A in the absence of a rezoning measure. I also excluded the border areas 
that are divided by the Han River because the treated and control areas in those border areas 
hardly share the dwelling environment.16 Furthermore, I assigned the variable of border area 
fixed effect by border area to control border-level omitted variables. Figure 5 presents the spatial 
distribution of treated and control groups by rezoning measure. Figure 6 presents how the 
variable of border area fixed effect is assigned. 
 
1.4.2 Data 
The housing style of study is a house in a multi-family houses complex with 20 units or 
more. This is usually a high-rise and high-density housing and represents 58.1% of total houses 
in Seoul. This study uses real transaction data in sell-and-buy and rental markets. The sell-and-
buy transaction prices should be reported to the Ministry of Land, Infrastructure and Transport 
within 60 days from the execution date of contract by law. Measurement errors can be ignored 
because the realtor(s) on behalf of a seller and a buyer who is (or are) in charge of reporting 
could be fined, ordered to suspend its business up to six months or disaccredited when they do 
not report or misreport the transaction price. The rental prices are voluntarily reported. But, the 
                                                 
16 Black (1999) excludes the observations in school attendance districts divided by large rivers, parks, etc. 
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measurement errors of rental prices can also be ignored because an incentive to misreport is not 
known at this time.17  
This chapter examines the impacts of both the rezoning measures on August 2017 and 
August 2018. Table 2 presents the descriptive statistics of data.18 For the 2017 rezoning measure, 
the pre-treatment period is from July 4 to August 2, 2017 (for 30 days) and the post-treatment 
period is from August 3 to September 1, 2017 (for 30 days). The sample size of sell-and-buy 
market is 5,935, and 3,036 (51.2% of the total sample) is the size of treated group, transactions in 
treated area. The sample size of Jeonsei market is 5,245, and 3,040 (58.0%) is the size of treated 
group. The sample size of monthly-rent market is 799, and 460 (57.6%) is the size of treated 
group. For the 2018 rezoning measure, the pre-treatment period is from July 29 to August 27, 
2018 and the post-treatment period is from August 28 to September 26, 2018. The sample size of 
sell-and-buy market is 2,192, and 1,016 (46.4%) is the size of treated group. The sample size of 
Jeonsei market is 1,540, and 755 (49.0%) is the size of treated group. The sample size of 
monthly-rent market is 164, and 70 (42.7%) is the size of treated group.  
I use the age of building, the unit size for exclusive use, and floor as houses’ 
characteristics. The information on the houses’ characteristics is reported along with transaction 
prices. These variables may affect the price outcomes of houses. But they would not respond to 
the regulation of interest because its applicability is not subject to them. So these covariates can 
be added in the difference-in-differences framework (Angrist and Pischke, 2008). 
 
                                                 
17 There is an incentive to manipulate sell-and-buy prices to reduce the amount of capital gains tax, whereas it is not 
the case for rental prices. 
18 It is not informative to show the results of balancing tests in the treated and control groups in the difference-in-
differences method (Wing et al., 2018). This is because the treated and control groups can be and are usually 
nonequivalent in the framework (Angrist and Pischke, 2008; Wing et al., 2018). 
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1.4.3 Regional Market Conditions 
As mentioned above, it is important to see how the regional rent-to-deposit ratios were 
around at the times of rezoning measures. Figure 7 shows the trends of regional rent-to-deposit 
ratio. As shown in Figure 7 (a), the average of regional ratios in 11 districts of Zone A areas was 
lower than that of in 14 districts of Zone B. Assuming that the 11 districts are preferred by 
investors (i.e., there are many type A households), it is expected that the 2017 rezoning would 
affect the rental submarkets although it would not affect the sell-and-buy market. Figure 7 (b) 
shows that the average of regional ratios in 4 districts of new Zone A areas higher than either that 
of 10 districts of Zone B areas and that of 11 districts of pre-existing Zone A. It is expected that 




Table 3 and 4 show the impacts of the 2017 rezoning and the 2018 rezoning, respectively. 
The dependent variable for the sell-and-buy market is the log of house price per square meter. 
The dependent variable for Jeonsei market is the log of amount of deposit per square meter. The 
dependent variable for monthly-rent lease contract is the log of annual rent per square meter.19 
The sample of monthly-rent lease contract consists of the contracts in which the amount of 
deposit is less than the rent for 4 years. The units of house prices, deposit, and rents are 10,000 
Korean Won. 
Regarding the impacts of the measure on August 3, 2017, the estimated effects are 
insignificant on the sell-and-buy market, but those are significant and negative on the Jeonsei 
                                                 
19 Annual rent = ( deposit ×  rent-to-deposit ratio ) + ( 12 ×  monthly rent ) 
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market. The Jeonsei price, the amount of deposit, goes down by 12%. Overall the findings are 
consistent with the theoretical expectations of the areas where there are many type A households 
and the regional rent-to-deposit ratio is low. There was no Zone A or B area throughout the 
nation until the 2017 rezoning was implemented. Upon the 2017 rezoning measure, the 11 
districts in Seoul and the other one city were designated as Zone A because the house prices in 
those areas hiked more than those in other areas. This suggests that the houses in and on the 
periphery of the areas are mostly nationally preferred by investors and there would be more type 
A households for the houses than those in other areas. Therefore, those who have a house in the 
areas are more likely to hold the house in spite of the new mortgage regulation. Also, the average 
of regional rent-to-deposit ratios in 11 districts was lower than that in other districts as 
mentioned above. The coefficient for the monthly-rent market is positive, but it is insignificant. 
A possible explanation is that the mezzanine rental market could absorb the impacts on monthly-
rent market, recalling that the sample of monthly-rent lease contract consists of only the 
contracts in which the amount of deposit is less than the rent for 4 years. 
Next, regarding the impacts of the measure on August 28, 2018, the estimated effects are 
significant and negative on the sell-and-buy market only. The house price decreases by 4%. The 
impacts on the rental submarkets are insignificant. These findings suggest that there are more 
type B households in the new Zone A districts than in the pre-existing Zone A districts. This is 
reasonable because the pre-existing Zone A districts are mostly preferred by investors. It seems 
that the households who own the house(s) in the new Zone A districts considered the decision on 
whether to hold rather than how to finance. The new Zone A districts had the highest average of 
regional rent-to-deposit ratios as shown in Figure 7 (b). Thus, even type A households would be 





In addition to the discussion on selection bias in Subsection 1.4.1, the key assumption of 
common trends in difference-in-differences approach needs to be tested for validity. The 
assumption can be assessed in several ways. 
One way is to graphically check the pre-trends in outcomes for treated and control groups 
(Angrist and Pischke, 2008; Gertler et al., 2016). Figure 8 shows the trends of average of 
outcomes for the houses in treated and control areas on a 30-day basis. Each observation 
represents the average of house prices, Jeonsei deposits, or monthly rents which are observed in 
a corresponding area and period. Thus, the trends from -11 through 0 are the pre-trends of 
interest. The pre-trends of house prices and monthly rents move in tandem. There is a little time 
lag between the trends of Jeonsei deposits of treated and control groups. In the period of time just 
before the measures, the average Jeonsei price of treated area restored one month later than that 
of control area, but they move similarly overall. 
Additionally, one can see graphically that the 2017 rezoning affected Jeonsei market but 
the 2018 rezoning affected sell-and-buy market. In Figure 8, the tick 0 and 1 correspond to the 
pre-treatment period and the post-treatment period for the estimation of this chapter, 
respectively. It can be verified that the average outcomes deviated from their trends after the 
treatments were implemented. Also, the impacts seemed to last for several months. 
Another way to examine the robustness of the results in Subsection 1.4.4 is to perform 
placebo tests (Gertler et al., 2016). The placebo tests performed here use a pseudo-treatment time 
which is in advance of genuine treatment. The pseudo-treatment time is not chosen randomly. 
Instead, the time of other intervention in mortgage regulation is used. The interventions chosen 
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as a pseudo-treatment were implemented commonly on genuine treated and control areas. Also, 
they were implemented before the genuine treatment. This is because the purpose of these 
placebo tests is to check the common pre-trends of outcomes. If the difference-in-differences 
coefficient of placebo test is zero, we can gain confidence that the estimation of this chapter is 
robust to pseudo-treatment time and it is valid. 
There is a useful change in mortgage regulations in South Korea to perform a placebo test 
for the 2017 rezoning. The Korean government lowered the LTV and DTI ratios on June 19, 
2017, but there was no change in zoning at that time. Because the reduced ratios began to apply 
to all 25 districts in Seoul, the difference-in-differences coefficient should be zero. Table 5 
shows the results of this placebo test. It uses the transactions that were closed from May 20 to 
July 18, 2017 in the same treated and control areas as those for the 2017 rezoning measure. The 
pseudo-pre-treatment period is from May 20 to June 18 (30 days), and the pseudo-post-treatment 
period is from June 19 to July 18 (30 days). The coefficient of interest is insignificant in any 
specification. 
As the placebo test for the 2018 rezoning, one can examine the difference-in-differences 
coefficient at the period around the 2017 rezoning with the transactions in the same treated and 
control areas as those for the 2018 measure. Because both the treated and control areas of the 
2018 rezoning were Zone B at the period around the 2017 rezoning, the difference-in-differences 
coefficient should be zero. The pseudo-pre-treatment period is from July 4 to August 2, 2017, 
and the pseudo-post-treatment period is from August 3 to September 1, 2017. Table 6 shows the 
results which are consistent with the expectations overall. But the unexpected thing is that the 
difference-in-differences coefficient is negative and significant in Specification (2) for the 
Jeonsei market. A suggestive scenario is that the two groups of households who were subject to 
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the 2017 rezoning would act in the opposite direction to each other. The households, who had 
houses in both the 11 districts designated as Zone A by the 2017 rezoning and the 4 districts 
designated as Zone A by the 2018 rezoning, might finance the house located in the 11 districts 
with a mortgage and finance the house located in the 4 districts with Jeonsei. However, the other 
households, who had houses in both the 11 districts and the 10 districts which still remain as 
Zone B, might finance the house located in the 11 districts with Jeonsei and finance the house 
located in the 10 districts with a mortgage. Due to these behaviors, Jeonsei prices might go down 
in new Zone A at that time, but not in the remaining Zone B. This scenario is supported by the 
fact that peculiarly enough, the average of regional rent-to-deposit ratios of the 11 districts is 
higher than that of the 4 districts at that time, but lower than that of the 10 districts (See Figure 7 
(b)). 
The other concern in the difference-in-differences framework is whether the 
compositional changes of treated and control groups happen (Angrist and Pischke, 2008). The 
compositional changes could invalidate the assumption of common trends of outcomes. If there 
are neither new construction houses nor demolished houses, however, the composition of 
population of houses would not change. It is plausible to assume that there is few new 
construction houses or demolished houses in the short term, in the part of Seoul, a metropolitan 
area. 
 
1.5 Conclusions and Implications 
The main focus of this chapter is on investigating the impacts of the limit on the number 
of mortgage loans per household in a situation where a direct finance, an alternative finance 
option against a mortgage loan, is available. This regulation can be considered the measure that 
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applies zero percentage of the LTV ratio or the lower DTI ratio to households who have house(s) 
in certain areas. The model of decision mechanism indicates the impacts of the regulation vary 
with housing market and economic conditions. The empirical results are consistent with the 
theoretical expectations. When large capital gains are expected, many households respond to the 
regulation through refinancing with an alternative financing channel rather than selling house(s). 
The impacts on the sell-and-buy market are insignificant, but those on the rental submarkets may 
be significant depending on the conditions in the regional rental market. On the other hand, in the 
areas where the expected capital gains are relatively small, the regulation takes effect on the sell-
and-buy market and house prices go down. 
The findings provide some policy implications. The goal of tighter mortgage regulations 
might not be achieved to the extent that it is to mitigate the hike of house prices. This would be 
the case when alternative finance options are available and large capital gains are expected. 
Households or investors would avoid it through refinancing with the alternative. Also, the 
polarization of housing markets (“flight-to-quality”) will deepen once that kind of regulations is 
implemented. Households will try to hold the best investable properties within the limited credit, 
but they will sell less investable properties. 
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This chapter examines the dynamics that occurs between the shares and the costs of 
finance options in buy-to-let housing market. The circumstance under consideration is that a 
direct finance serves as an important housing finance channel as well as an intermediate finance 
does. The study focuses on whether the equilibrium relationship between the shares of two 
options and their finance costs exists and how it is restored. It suggests an expectation of 
evolutionary changes in housing finance market of developing countries. 
There are several reasons why different types of home financing contracts may coexist 
with typical intermediary banking system, a mortgage. Some types have existed in various parts 
of the world in advance of the introduction of mortgage loans into the region – e.g., Antichresis 
(Aquino, 1949; Navarro, 2008; Kim 2015),20 Islamic home financing (Chiu and Newberger, 
2006),21 and so on. Religious faith also requires a specific finance method like Islamic finance. 
More importantly, a housing finance system through banks is inadequate to meet the demands, 
most especially in developing countries (Renaud, 1989; Chiquier and Lea, 2009). The inadequate 
mortgage financing makes rents too high, thereby creating an inefficiency (Kim, 1990). This 
                                                 
20 Antichresis was stipulated in Babylonian law, and it assumed one special type of lease on a house in Roman law 
(Aquino, 1949). It is still used in South Korea, Latin American countries (especially Bolivia), and some provinces in 
India (Navarro, 2008; Kim 2015). 
21 Islamic home financing forces banks to serve as an intermediary at their own risk, which is unlikely in 
conventional banking. Chiu and Newberger (2006) reports that Islamic banking coexists with conventional banking 
in Egypt, Indonesia, Malaysia, Sudan, the Gulf States, and even in the United States. 
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circumstance works in favor of an alternative finance system so that any substitute of a mortgage 
loan would play a role in serving homebuyers’ needs. 
The chapter investigates the dynamics between the shares and the finance costs of two 
finance options in South Korean housing market: a direct finance and an intermediate finance. A 
direct finance is the diametrical opposite of an intermediate finance. A direct finance from 
lessees to lessors is basically a deposit-only lease agreement so there is no periodic rent and 
interest. On the other hand, a conventional intermediate finance is accompanied by a periodic 
rent and interest. The deposit-only lease agreement (Jeonsei) is not compatible with a monthly-
rent lease contract backed by a mortgage as discussed in Chapter 1, and those options are in 
substitute relationship. 
The dynamics is unclear until now. The general expectation is that a mortgage loan will 
eventually take the dominant market share as the cost of mortgage loan (mortgage rate) decreases 
as indeed it has done. The literature has documented some findings. Lee and Doh (2015) 
conclude that a risk-free interest rate and the rent-to-deposit ratio, a ratio between the annual rent 
for monthly-rent house and the deposit on Jeonsei house, have a tendency to move together in 
the long run.22 Chung and Shim (2005) document that there is a negative relationship between 
the rent-to-deposit ratio and the share of Jeonsei.23 However, the comprehensive analysis of the 
dynamics is not well documented. The findings of the literature can be even interpreted as saying 
that the decreasing interest rate would lead to the decreasing rent-to-deposit ratio, and then the 
increasing share of Jeonsei. This is the reverse of what has happened and the general expectation. 
                                                 
22 Lee and Doh (2015) examines by a vector error correction model (VECM) that risk-free interest rate and the 
relative price between rental contracts move together in the long run by considering both aspects of lessees and 
lessors. 
23 Chung and Shim (2005) report the rent-to-deposit ratio, the expected return of capital gains, and the ratio of 
deposit to house price as the determinants of the share of Jeonsei. 
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This chapter constructs the comprehensive framework to explain the dynamics of finance 
options in buy-to-let market. It considers both choice problems of lessees and lessors together 
building on the model proposed by Lee and Doh (2015) which represents the equilibrium link 
between interest rate and the rent-to-deposit ratio. Taking it a step further, it includes additionally 
the equilibrium relationship between interest rate and the relative quantity between finance 
options, and it highlights the role of relative price in adjustment process. It eventually draws the 
multiple long-run equilibrium relationships among the variables by using a vector error 
correction model (VECM). The main argument is that the share of Jeonsei could persist for quite 
a long time although housing finance system through banks develops and mortgage rates 
decrease. 
Chapter 2 contributes to the literature in some ways. First, the chapter investigates the 
comprehensive model on the dynamics of finance options while confirming the findings in the 
literature. It connects the multiple long-run relationships among the variables: the share of 
Jeonsei arrangements (relative quantity), the rent-to-deposit ratio (relative price), and interest 
rates (finance costs). Secondly, this study reflects the difference between interest rates faced by 
lessees and lessors into the model of dynamics explicitly. This improves the model 
representation so that it reflects the shocks from demand and supply sides of housing rental 
market, respectively. Thirdly, this article suggests some policy implications. These are implied 
by the facts that Jeonsei usually falls outside of monetary policy and financial regulations in spite 
of its role as a credit channel, and that the shocks through interest rate affect different lease 
submarkets in different ways.24 
                                                 
24 This is because the increase in supply of one lease submarket leads to the decrease in supply of the other lease 
submarket as discussed in Chapter 1. 
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The rest of the chapter is structured as follows. In Section 2.2, some institutional 
characteristics and recent trends of buy-to-let market in South Korea are documented. Section 
2.3 presents the theoretical framework. In Section 2.4, the empirical analysis is carried out using 
a multivariate approach, a VECM. Section 2.5 concludes. 
 
2.2 Buy-to-Let Market in South Korea 
A buy-to-let activity usually involves both a purchase money financing and a lease of 
residential property. As mentioned in Subsection 1.2.1 and described in Figure 1, an investor 
who wants to get a buy-to-let mortgage has to make a contract for financing with a bank, and to 
make a lease agreement with a tenant; whereas an investor who utilizes Jeonsei proceeds both a 
finance contract and a lease agreement at the same time. 
The distinctive circumstances of South Korean buy-to-let market allow the researcher to 
study the dynamics of finance options. First, there are two segments of agreement form in 
leasing property market: a monthly-rent agreement and a deposit-only agreement. A monthly-
rent agreement works as a lease with periodic rents in other countries. Those who want to make a 
monthly-rent contract and need to finance a purchase money have to utilize a mortgage loan. 
Jeonsei is a leasing agreement as well as a finance agreement. In short, buy-to-let investors 
usually have two finance options: Jeonsei and a mortgage. Lessees can choose one of Jeosnei and 
monthly-rent lease agreement. Secondly, the time series of the share of Jeonsei is available in 
terms of a flow. The time span covers the period in which interest rates change dramatically. The 




Figure 9 reflects the motivation of this study. The ratio of total tenant-occupied houses to 
owner-occupied houses has not changed much in terms of a stock from 2006 to 2018 in Seoul, 
South Korea. On the other hand, the respective proportions of rental types out of total tenant-
occupied houses have changed much. The noticeable transition is that the proportion of Jeonsei 
has decreased. The proportion of monthly-rent contracts (without deposit or with some deposit) 
has increased at that period of time. However, the share of Jeonsei has kept its level in recent 
years. The trend of the share of Jeonsei presents that the recent spread of intermediary financial 
services into housing sector and the decreasing interest rate affect the relative importance of 
finance options in buy-to-let market rather than the ratio of tenant-occupied houses to owner-
occupied houses. This also implies that Jeonsei and a mortgage are in substitute relationship. The 
recent stable share of Jeonsei indicates that there seems to be some equilibrium of choice 
between finance options in spite of the short-run deviation, and/or that there might be a brake. 
 
2.3 Equilibrium between Finance Options 
2.3.1 Theoretical Framework of Dynamics of Finance Options 
This chapter constructs the model for multiple equilibrium relationships among the 
relative quantity, the relative price, and the costs between rental submarkets. The discussion 
includes both the finance choice of buy-to-let investors and the housing choice of lessees. 
The relative payoff between finance options will affect investors’ choice so that they will 
choose the finance option which gives higher rate of return. In the equilibrium, the payoff of one 
finance option should be equal to that of the others. Suppose that there are two finance options, 
A and B. Then, the following (10) should hold in the equilibrium because the expected ROE of 









     (10) 
 
where 𝑃 is a house price, ∆𝑃 is the expected of capital gains, 𝐵𝑠 is the amount of borrowing with 
option 𝑠 (A or B), 𝑖𝑠 is the financing interest rate, 𝑘𝑠 is the loss rate of operation (e.g., delayed 
rent payments due to tenant’s liquidity problem, income tax, and so on), and 𝑅𝑠 is the amount of 
annual rent. Denote 𝑆𝑠 = (1 − 𝑘𝑠)𝑅𝑠 − 𝑖𝑠𝐵𝑆 as a spread for option 𝑠. Equation (10) shows that 
the finance cost and the spread of each finance option matter in the equilibrium condition of 
property supply side. 
Meanwhile, lessees choose one of houses provided through the finance option A or B. 
Suppose that all the lessees finance a deposit through their savings so the finance costs are the 
same for all the lessees. Then, there should exist the equilibrium relationship between their 
dwelling costs as follows: 
 
𝑅𝐴 + 𝑖𝐶𝐷𝐷𝐴 + ℎ𝐴 = 𝑅𝐵 + 𝑖𝐶𝐷𝐷𝐵 + ℎ𝐵    (11) 
 
where 𝑅𝑠 is the amount of annual rent with option 𝑠 (A or B), 𝑖𝐶𝐷 is the interest rate of 
negotiable certificate of deposit (a proxy of interest rate on savings, hereinafter CD rate), 𝐷𝑠 is 
the amount of deposit, and ℎ𝑠 is the expected cost of latent risks related to deposit (e.g., lessor 
solvency risks, delayed repayment of deposit, and so on). Denote 𝐶𝑠 = 𝑅𝑠 + 𝑖𝐶𝐷𝐷𝑠 + ℎ𝑠 as a 
dwelling cost function with option 𝑠. Because ℎ𝑠 can be considered constant, (11) indicates that 
the interest rate of savings and rents matter in the equilibrium condition of property demand side. 
In the market equilibrium, (10) and (11) should hold simultaneously. 
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Now focus on the case of choice between Jeonsei contract and monthly-rent contract 
backed by a mortgage. Suppose that a buy-to-let investor considers borrowing the same amount 
of mortgage loan as the amount of deposit with Jeonsei, i.e., 𝐵 = 𝐵𝐽𝑒𝑜𝑛𝑠𝑒𝑖 = 𝐵𝑀𝑜𝑟𝑡𝑔𝑎𝑔𝑒, and that 
an investor gets an interest only mortgage when considering a buy-to-let mortgage.25 In Jeonsei 
system, there is no periodic rent, and finance rate is zero. Accordingly, 𝑘𝐽𝑒𝑜𝑛𝑠𝑒𝑖 is insulated.26 
The spread of Jeonsei contract is zero, i.e., 𝑆𝐽𝑒𝑜𝑛𝑠𝑒𝑖 = 0. Hereinafter for convenient, the upper 
subscript of 𝑘 and 𝑅 are removed – i.e., 𝑘 and 𝑅 denote 𝑘𝑚𝑜𝑟𝑡𝑔𝑎𝑔𝑒 and 𝑅𝑚𝑜𝑟𝑡𝑔𝑎𝑔𝑒, respectively. 
In mortgage loans, on the other hand, a lessor gains rents, but he/she has to pay the interest for a 




= (1 − 𝑘)
𝑅
𝐵
 − 𝑖𝑀      (12) 
 
where 𝑖𝑀 denotes the interest of mortgage loans. In the equilibrium of property supply side, the 
expected ROE of Jeonsei should be equal to that of a monthly-rent contract backed by a 







   or 𝐶 =
1
1−𝑘
 𝑖𝑀   (13)27 
 
                                                 
25 When an investor gets an interest only mortgage, he/she pays only the interest on the loan. He/she needs to pay off 
the capital at the end of term. 
26 This is consistent with the results from Navarro and Turnbull (2010). 
27 It is based on the equation (3) and (4) in Lee and Doh (2015). 
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where 𝐶 (= 𝑅/ 𝐵) is the rent-to-deposit ratio. The discussion on (13) through (15) is based on 
the results of Lee and Doh (2015) (see Lee and Doh (2015) for more detailed discussion). This is 
the equilibrium condition in a lessor’s aspect. Even so, the loss rate of operation (𝑘) and 
mortgage rate will be different across investors because individual circumstance including 









𝑀 which is higher than the rent-to-deposit ratio will choose Jeonsei (and 
vice versa). This is because the forgone rent due to Jeonsei arrangement is smaller than the 
finance cost due to a mortgage. If mortgage rate or the rent-to-deposit ratio changes, the number 
of investors who would likely to choose Jeonsei will change accordingly. The number of them 
will increase if mortgage rate increases or the rent-to-deposit ratio decreases, and vice versa. 
A lessee chooses one of houses provided through Jeonsei or monthly-rent contract. For 
the house with Jeonsei, 𝐶𝐽𝑒𝑜𝑛𝑠𝑒𝑖 = 𝑖𝐶𝐷𝐵 + ℎ.28 For the house with monthly-rent contract which 
is provided through mortgage, 𝐶𝑀𝑜𝑟𝑡𝑔𝑎𝑔𝑒 = 𝑅. In the equilibrium of property demand side, the 
following relationship should hold. 
 
𝑖𝐶𝐷𝐵 + ℎ = 𝑅   or 𝐶 = 𝑖𝐶𝐷 +
ℎ
𝐵
   (14)29 
 
This is the equilibrium condition in a lessee’s aspect. CD rate and the expected cost of latent 
risks related to deposit (ℎ) will be different across lessees as the loss rate of operation and 




 holds. Lessees 
                                                 
28 For convenient, the upper subscript of ℎ is removed – i.e., ℎ denotes ℎ𝑗𝑒𝑜𝑛𝑠𝑒𝑖 . 







 which is lower than the rent-to-deposit ratio will choose a rental house backed 
by Jeonsei (and vice versa). This is because the residence cost of Jeonsei is lower than that of 
monthly-rent arrangement. If CD rate or the rent-to-deposit ratio changes, the number of lessees 
who prefer Jeonsei will change accordingly. It will decrease if CD rate increases or the rent-to-
deposit ratio decreases, and vice versa. 





 𝑖𝑀 = 𝑖𝐶𝐷 +
ℎ
𝐵
      (15)30 
 
Now suppose that mortgage rate (𝑖𝑀) is determined in financial market in a way where 
the risk premium of mortgage (𝜋𝑀) is added to CD rate (𝑖





 (𝑖𝐶𝐷 + 𝜋𝑀) = 𝑖𝐶𝐷 +
ℎ
𝐵
     (16) 
 
Equation (16) indicates that there would be the equilibrium relationship between the rent-to-
deposit ratio, CD rate, and the risk premium of mortgage. By the theoretical model and the 
empirical analysis based on the analogy of (15), Lee and Doh (2015) document that a decrease in 
interest rate leads to a decrease in the rent-to-deposit ratio in the long run.31 Equation (16) 
describes that mortgage risk premium also affects the rent-to-deposit ratio. Mortgage rate affects 
                                                 
30 It is based on the equation (9) in Lee and Doh (2015). 
31 A decrease in interest rate causes a decrease in Jeonsei supply and an increase in monthly-rents contract supply in 
aspect of lessors. On the other hand, it results in an increase in Jeonsei demand and a decrease in monthly-rents 
contract demand in aspect of lessees. These leads to an increase in Jeonsei price (the amount of deposit) and a 
decrease in monthly rents. Therefore, the rent-to-deposit ratio decreases (Lee and Doh, 2015). 
41 
 
the equilibrium condition of property supply side, but CD rate affects that of property demand 
side. 
In addition to the equilibrium relationship above, it is also expected that there would be 
another equilibrium relationship. This is the relationship between the share of Jeonsei and the 
other variables – i.e. the equilibrium share of Jeonsei can be represented by the function of the 
rent-to-deposit ratio, CD rate, and mortgage risk premium. This is because the comovement 
between interest rate and the rent-to-deposit ratio implies that the spread of mortgage 
(𝑆𝑀𝑜𝑟𝑡𝑔𝑎𝑔𝑒) might remain in some range. For example, a decreasing interest rate leads to a 
decrease in supply of Jeonsei and an increase in demand of Jeonsei. But a decreasing rent-to-
deposit ratio following the decreasing interest rate eventually stops the supply of Jeonsei 
shrinking further (and stops the demand of Jeonsei expanding further). This will work in a 
reverse direction for the supply and demand of monthly-rent houses. As in the general discussion 
on equilibrium, the share of Jeonsei will reach a new equilibrium after the individual lessees and 
lessors choose their lease contract types and finance types. 
The direction of the relative quantity movement is not clear theoretically, whereas that of 
the relative price movement is obvious as documented by Lee and Doh (2015). The additional 
consideration to determine the equilibrium share of Jeonsei is the price elasticities of demand and 
supply in rental housing market. Given demand is more elastic than supply in rental property 
market, the equilibrium share of Jeonsei would lower when interest rates decrease. Therefore, it 
belongs to the domain of empirical analysis. 
The above discussions lead one to expect that there are at least two equilibrium 
relationships. One is the link between the share of Jeonsei in buy-to-let market, the rent-to-
deposit ratio, CD rate and mortgage risk premium. The other is the relationship between the rent-
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to-deposit ratio, CD rate and mortgage risk premium. Therefore, it is appropriate that the 
variables under study are jointly modelled using a multivariate approach. The system of two 
long-run equilibrium relationships with four variables can be represented as: 
 
𝐽𝑡 = 𝛼1 + 𝛽1𝐶𝑡 + 𝛽2𝑖𝑡
𝐶𝐷 + 𝛽3𝜋𝑡
𝑀 + 1𝑡    (17) 
𝐶𝑡 = 𝛼2 + 𝛽4𝑖𝑡
𝐶𝐷 + 𝛽5𝜋𝑡
𝑀 + 2𝑡     (18) 
𝑖𝑡
𝐶𝐷 = 𝑖𝑡−1
𝐶𝐷 + 3𝑡       (19) 
𝜋𝑡
𝑀 = 𝜋𝑡−1
𝑀 + 4𝑡       (20) 
 
where 𝐽𝑡 = 𝑁𝑡
𝐽/𝑁𝑡
𝑇 is the share of Jeonsei to total lease contracts at period 𝑡, 𝑁𝑡
𝐽
 is the number of 
Jeonsei contracts, 𝑁𝑡
𝑇 is the number of total lease contracts, 𝐶𝑡 is the rent-to-deposit ratio, 𝑖𝑡
𝐶𝐷 is 
the interest rate of negotiable certificate of deposit, 𝜋𝑡
𝑀 is the risk premium of mortgage loans, 
and 𝑖𝑡~𝐼(0). 
The system of (17) through (20) models the dynamics of how the innovations in interest 
rate (or mortgage rate) affect the relative quantity and price between two lease submarkets. 
Suppose that the lease market consists of Jeonsei submarket and monthly-rent lease submarket; 




respectively; and the equilibrium prices (deposit and annual rent) of those markets is 𝐵𝑡 and 𝑅𝑡, 





𝑅)) and the rent-to-deposit 
ratio (𝐶𝑡 = 𝑅𝑡/𝐵𝑡) represent the relative quantity and the relative price in equilibrium, 
respectively. The shocks in economy and buy-to-let mortgage market enter the system through 
CD rate and mortgage risk premium. The shocks affect the relative equilibrium quantity and 
price commonly. To this extent, the system describes the dynamics that occur between two lease 
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submarkets due to innovations in CD rate and mortgage risk premium, and it assumes that there 
are two long-run equilibrium relationships and two common trends. 
If the time series of the variables are non-stationary and integrated of order 1, denoted 
I(1), (17) and (18) require a respective cointegration between relevant variables – i.e., a linear 
combination of the time series of the variables could be stationary although each time series is 
non-stationary. If they are cointegrated, then there is a value (or are values) for the parameters 
such that the error term 𝑡 is stationary, which means that (17) and (18) are valid econometric 
equations. In that case, the long-run equilibrium relationships can be represented as follows, and 
1𝑡 and 2𝑡 signify the short-run deviation from equilibrium. 
 
𝐽𝑡 = 𝛼1 + 𝛽1𝐶𝑡 + 𝛽2𝑖𝑡
𝐶𝐷 + 𝛽3𝜋𝑡
𝑀  and    (21) 
𝐶𝑡 = 𝛼2 + 𝛽4𝑖𝑡
𝐶𝐷 + 𝛽5𝜋𝑡
𝑀       (22) 
 
If there are two cointegrating equations in the results of empirical study on the four-variable 
system, this provides strong support for the framework. 
 
2.3.2 Model for Adjustment Mechanism of Proportion of Finance Options 
The theoretical model presents that the rent-to-deposit ratio and mortgage rate affect the 
share of Jeonsei in buy-to-let market simultaneously. But the adjustment in the variables to a 
shock might not be immediate. The representative frictional factors would include the remaining 
lease period (or early termination fees) and moving costs. Therefore, the equilibrium relationship 
between the rent-to-deposit ratio and mortgage rate might not be restored in the short run when a 
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shock to interest rate occurs. In other words, there might be some deviations from the 
equilibrium relationships in the short run. 
If the time series of the variables are non-stationary but cointegrated, a VECM can be 
employed to represent the short-run relationship (Engle and Granger, 1987).32 A VECM 
representation can be interpreted as an adjustment process whereby deviations from the long-run 
relationship cause adjustments in the variables. The VECM for the framework can be represented 
as: 
 
𝛥𝑌𝑡 = 𝜇 + 𝛷 𝑌𝑡−1 + ∑ 𝛤𝑗 𝛥𝑌𝑡−𝑗
𝑝−1
𝑗=1 + 𝜐𝑡   (23) 
 
where 𝑌𝑡 = (  𝐽𝑡     𝐶𝑡     𝑖𝑡
𝐶𝐷  𝜋𝑡
𝑀 )′, 𝛷 = 𝛼𝛽′, 𝛤𝑗’s are 4×4 transient coefficient matrices, 𝜐𝑡 =
( 𝜐1𝑡     𝜐2𝑡     𝜐3𝑡     𝜐4𝑡 )
′, and 𝐸(𝜐𝑖𝑡𝜐𝑗𝑡) = 0 for 𝑖 ≠ 𝑗. Here, 𝛼 is an error correction parameter or 
an adjustment coefficient. (The columns of) 𝛽 is cointegrating vector(s). A comovement can be 
examined by looking at 𝛽. For example, when the element for 𝐽𝑡 is normalized to 1 and the sign 
of other element of 𝛽 (𝐶𝑡, 𝑖𝑡
𝐶𝐷, or 𝜋𝑡
𝑀) is negative, this means that the variables move in the same 
direction as 𝐽𝑡 in the long run. An adjustment coefficient is interpreted as the rate of convergence 
to equilibrium after a deviation from the equilibrium. If the coefficient is larger in absolute value, 




                                                 
32 A vector autoregressive (VAR) model might be misspecified because it will not capture the long-run tendencies. 
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2.4 VECM-based Empirical Analysis 
2.4.1 Data 
Data used in this empirical investigation consist of the number of Jeonsei contracts, the 
number of total rental contracts, the interest rates of negotiable certificate of deposit and 
mortgage loan, and the rent-to-deposit ratio. The data are observed monthly. The time horizon is 
from January 2011 to June 2019 due to data availability of number of rental contracts. Thus there 
are 102 observations for each time series. These data are from several institutions: the number of 
rental contracts from the Ministry of Land, Infrastructure and Transport, the interest rates from 
the Bank of Korea, and the rent-to-deposit ratio from the Korea Appraisal Board. The detailed 
variable descriptions are as follow: 
Share of Jeonsei is derived for lease contracts on condominiums in Seoul, South Korea 
by dividing the number of Jeonsei contracts by the number of total lease contracts. The numbers 
of Jeonsei and total lease contracts (𝑁𝑡
𝐽
 and 𝑁𝑡
𝑇) are computed by counting the number of 
contracts for a month. Lease contracts are voluntarily reported to the Ministry of Land, 
Infrastructure and Transport. The data of share of Jeonsei from January 2011 is available because 
the contracts have been reported since that time. 
Interest rates of negotiable certificate of deposit (𝑖𝑡
𝐶𝐷) is a proxy of interest rate on 
savings faced by lessees. It is calculated as a monthly average for negotiable certificate of 
deposit with the term of 3 months.  
Interest rates of mortgage loan (𝑖𝑡
𝑀) is calculated as a monthly average for newly-
executed mortgage loans for a month. 
Risk premium of mortgage (𝜋𝑡
𝑀) is calculated as the difference between interest rates of 
negotiable certificate of deposit and mortgage loan. 
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Rent-to-deposit ratio (𝐶𝑡) is derived with the median of condominium among the reported 




(𝑑𝑒𝑝𝑜𝑠𝑖𝑡 𝑜𝑓 𝐽𝑒𝑜𝑛𝑠𝑒𝑖)  −  (𝑑𝑒𝑝𝑜𝑠𝑖𝑡 𝑜𝑓 𝑚𝑜𝑛𝑡ℎ𝑙𝑦−𝑟𝑒𝑛𝑡−𝑤𝑖𝑡ℎ−𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒−𝑑𝑒𝑝𝑜𝑠𝑖𝑡 𝑐𝑜𝑛𝑡𝑟𝑎𝑐𝑡) 
× 100  
 
2.4.2 Results 
In advance of study on the long-run relationships, unit-root tests are examined. Table 7 
reports the results of the augmented Dickey-Fuller (ADF) unit-root test for the four variables and 
their first differences in the equation system of (17) through (20): 𝐽𝑡, 𝐶𝑡, 𝑖𝑡
𝐶𝐷, 𝜋𝑡
𝑀. The results 
presents that the time series of the four variables are non-stationary and their first differences are 
stationary. So they are integrated of order 1, respectively. Table 8 reports the results of the 
Phillips-Perron (PP) unit-root test for the variables. The results are very similar to that of ADF 
test. These results underpin the approach that the four-variable system is represented by VECM.  
It is also examined how many equilibrium relationships should exist between the 
variables under study. The Johansen procedure is usually employed in a case where each time 
series is integrated of order 1 and there are the possibility of multiple cointegrating relationships. 
The Johansen cointegration test results for cointegration among the four variables are reported in 
Table 9. I reject the null hypothesis of no cointegrating equations and the null hypothesis that 
there is one or fewer cointegrating equation. However, I cannot reject the null hypothesis of two 
or fewer cointegrating equations. Therefore, I accept that the estimate of the number of 
cointegrating equations between the four variables is 2 (r = 2). This implies that there are two 
long-run relations and that there are two common trends (n - r = 4 - 2). This is consistent with the 
system under consideration. 
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Table 10 and 11 show the estimates of cointegrating vectors, the columns of 𝛽 in (23), by 
adopting Johansen approach. In Table 10, the coefficient of share of Jeonsei is normalized to 1 
and that of the rent-to-deposit ratio is normalized to 0 in the first cointegration equation. It goes 
on the other way in the second equation.33 The normalizations are a typical methodology of 
Johansen’s approach, and these are plausible in the framework under consideration when 
considering that (17) can also be represented as: 
 
𝐽𝑡 = 𝛼1 + 𝛼2𝛽1 + (𝛽2 + 𝛽1𝛽4)𝑖𝑡
𝐶𝐷 + (𝛽3 + 𝛽1𝛽5)𝜋𝑡
𝑀 + 5𝑡  (24) 
 
where 5𝑡 = 1𝑡 + 𝛽1 2𝑡 and 5𝑡~𝐼(0). Then, the system consists of (24), (18), (19), and (20). 
Because the coefficient of risk premium of mortgage is insignificant in the first equation on 
Table 10, the model is refitted with an additional restriction that the coefficient of mortgage risk 
premium is zero.34 Table 11 shows the resulting final estimates of cointegrating vectors. 
The results indicate strong support for the framework under study and give some 
implications.35 First, there are two long-run equilibrium relationships among the relative 
quantity, price, and finance costs between two types of rental markets. One is the equilibrium 
between the share of Jeonsei and interest rate. The other is the equilibrium between the rent-to-
deposit ratio and interest rate. 
                                                 
33 Two restrictions are needed for each equation for identification – i.e., four restrictions are applied for the results in 
Table 4. 
34 The null hypothesis of valid restrictions is accepted. The p-value is 0.721. 
35 In results, the estimated cointegrating equations are (i) 𝐽𝑡 −  0.580 −  0.078 ×  𝑖𝑡
𝐶𝐷 = 𝐸𝑟𝑟𝑜𝑟 and (ii) 𝐶𝑡 −
 0.768 −  1.535 ×  𝑖𝑡
𝐶𝐷 −  0.609 ×  𝜋𝑡
𝑀 = 𝐸𝑟𝑟𝑜𝑟. 
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Secondly, it is verified empirically that the variables under study have a tendency to 
move together in the same way in the long run. The negative coefficient of CD rate in the first 
cointegration equation means that the share of Jeonsei and CD rate comove. The negative 
coefficients of CD rate and mortgage risk premium in the second cointegration equation suggests 
that the rent-to-deposit ratio moves together with the two variables.36 Therefore, the share of 
Jeonsei, the rent-to-deposit ratio, and interest rates comove. For example, the decrease in 
mortgage rate leads to the decrease in the rent-to-deposit ratio and the decrease in the share of 
Jeonsei. 
Thirdly, a direct finance would limit the effect of monetary policy and financial 
regulations. If the effective finance cost of a mortgage loan increases due to mortgage 
regulations and/or contractionary monetary policy, the share of Jeonsei would increase as 
discussed above. This is because buy-to-let investors move from monthly-rent submarket into 
Jeonsei submarket. Although a direct finance performs a role of the channel allowing buy-to-let 
investors to extend the availability of credit, it is not easy to regulate it because it involves 
neither interest nor an intermediary financial institution. This role of a direct finance would last 
as long as its importance persists in housing market. 
Fourthly, unnecessarily strict financial regulations on a mortgage should cause a 
repercussion for the lessees with low income and little wealth. Stricter regulations result in 
higher effective finance costs. The higher mortgage rate is, the higher the rent-to-deposit ratio is. 
This means that stricter regulations lead to higher rents. It should deteriorate the economic status 
of monthly-rent lessees who could not finance a deposit. On the other hand, stricter mortgage 
                                                 
36 That confirms the results found by Lee and Doh (2015). 
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regulations induce more supply and lower effective dwelling cost of deposit-only leasing houses. 
It works in favor of those who can finance a deposit through their savings. 
Table 12 shows the estimates of error correction parameters, 𝛼 in (23), which represent 
the speed of adjustment.37 The results present that adjustments are made mostly by the share of 
Jeonsei and the rent-to-deposit ratio rather than CD rate and mortgage risk premium. When the 
deviation from the first link happens, the adjustment in the share of Jeonsei is made by 21.0% 
per month. When the deviation from the second link happens, the adjustment in the rent-to-
deposit ratio is made by 5.1% per month and the adjustment in the share of Jeonsei is made by 
1.3% per month. On the other hand, all the estimates of error correction parameters of CD rate 
and mortgage risk premium are insignificant. This implies that most innovations happen in 
interest rates, and accordingly, the relative price and the relative quantity adjust to the shock. 
 
2.4.3 Impulse Response Analysis 
Impulse response analysis is valuable in cointegrated systems, especially if there are two 
or more cointegrated relations (Lütkepohl and Reimers, 1992). Lütkepohl and Reimers (1992) 
point out that it is difficult to interpret such relations directly because they cannot be interpreted 
                                                 
37 Finally, the estimated parameter matrices in (22) are summarized as follows: 
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individually due to endogeneity. Figure 10 presents the impulse response function plots of the 
estimated VECM. As shown in the second and third plots from the top of the first column, the 
positive shocks on CD rate and the risk premium of mortgage cause the rent-to-deposit ratio to 
go up. They also cause the share of Jeonsei to increase as shown in the last column. This 
supports that those variables comove with a time lag. 
Interestingly, the shock on the rent-to-deposit ratio leads the positive change in the share 
of Jeonsei at the initial period, but it eventually causes the share to go down in the near future. 
This implies that the relative price adjustment weakens the impact of interest rates on the share 
of Jeonsei. If there is no adjustment in relative price, the change in the share of Jeonsei would be 
larger. The adjustment in relative price eventually stops the relative quantity shrinking or 
expanding further. This is also supported by the second and third plots from the top of the last 
column. Most of the responses of the share of Jeonsei to the shock to interest rates happen at the 
initial period. This result also implies that the role of a direct finance in buy-to-let market could 
persist for quite a long time. 
All the plots show that the impact of a shock in each variable does not die out in the long 
run. All the impulse responses converge to non-zero constants. The one-time impulses in the 
framework have a permanent effect in the sense that they cause the framework to arrive at a new 
equilibrium (Lütkepohl and Reimers, 1992). This is because the framework under consideration 
consists of the cointegrated processes of non-stationary variables – i.e., a permanent shock in 
non-stationary variables gives the permanent impact on the framework.38 
 
                                                 
38 Generally, for cointegrated processes of non-stationary variables, the estimated impulse responses will not 
converge to zero as the time goes by (Lütkepohl, 2004; Mills, 2019). 
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2.4.4 Graphical Interpretations 
Figure 11 shows the trends of four variables: the share of Jeonsei, the rent-to-deposit 
ratio, mortgage rate and CD rate. The phases are classified by the movement of mortgage rate. 
Mortgage rate went up and then down in the phase I and IV. Overall, mortgage rate continued to 
decrease in the phase II and III.39 It is shown graphically that the share of Jeonsei in buy-to-let 
market is likely to move together with the interest rates and the rent-to-deposit ratio in the long 
run, but there are some deviations from the equilibrium in the short run. Also, especially in the 
periods of phase II and III, there was a tendency that a decrease in mortgage rate was followed 
by a decrease in the rent-to-deposit ratio with a time lag. During the lag period, the share of 
Jeonsei decreased sharply. But as the rent-to-deposit ratio went down, the share of Jeonsei 
remained stable and then went up. Figure 12 presents it in a more obvious manner. The analogy 
of (12) is calculated as the difference between the rent-to-deposit ratio and mortgage rate.40 The 
higher the analogy is, the more profitable the monthly-rent contract is to investors. Due to the 
time lag, the analogy increased in the early stage of phase II and III so that the share of Jeonsei 
dropped significantly. In the latter part of the phases, however, the analogy went down so that 
the share remained stable and then increased. This indicates the decreasing rent-to-deposit ratio 
plays a role in stopping the share of Jeonsei decreasing further. 
The period of phase IV (from October 2016 to June 2019) seemed to deviate from the 
tendency. Although mortgage rate increased in the early stage, the rent-to-deposit ratio did not 
respond to it. The suggestive explanation is that the deviation would result mainly from the 
property demand side. First, CD rate was relatively stable as shown in Figure 11 although 
                                                 
39 The phases overlaps the movement of benchmark interest rate of the Bank of Korea. 
40 For simplicity, (1 − 𝑘) is ignored in the analogy of (12). 
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mortgage rate changed much. The stable CD rate should not cause the decrease in demand of 
Jeonsei or the increase in demand of monthly-rent properties. Secondly, the demand of Jeonsei 
increased because of higher credit accessibility. As shown in Figure 11, the rent-to-deposit ratio 
dropped largely in the periods of phase II and III. This results from the increase in Jeonsei price. 
Thus, the Korean government implemented several measures to make Jeonsei-deposit loan 
standards more generous at the period of phase IV. Figure 13 presents Jeonsei-deposit loans 
balance. The balance has continued to increase. The rate of increase also has increased since 




Through the VECM and the empirical analysis on South Korean condominium lease 
markets, it is verified that there are multiple long-run equilibrium relationships among the 
relative quantity, the relative price, and finance costs between lease submarkets. It is also found 
that the price adjustment weakens the impact of mortgage rate change in the restoration process 
to the equilibriums.  
The findings jointly imply the persistent role of a direct finance in buy-to-let market. 
Although a direct finance is beneficial for both lessees and lessors, it could be utilized as an 
avoidance tool from monetary policy and financial regulations on mortgage loans. Therefore, 
policymakers should pay attention to this problem as long as a direct finance survives in the 
market. It is also noteworthy that the higher mortgage cost is, the higher the rent-to-deposit ratio 
is. This indicates that unnecessarily strict financial regulations on mortgage might cause a 
repercussion for the lessees with low income and little wealth. 
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CHAPTER 3: INVESTMENT VALUE AND GEOGRAPHICAL PREMIUM OF 
HOUSING PRICE IN A METROPOLITAN AREA 
 
3.1 Introduction 
This chapter estimates the magnitudes of housing price differentials between areas 
(defined later as geographical premium) and investigates their sources. It controls for observed 
neighborhood traits to see how much they explain the premium. The effects of accessibility to 
the workplace, better educational environment and preference for neighbors with advanced 
degrees are examined. Also, the effects of differences in sets of unobserved attributes due to 
connectivity, agedness of building and family size on house prices are evaluated by subgroup 
analyses. 
A large literature has documented that a wide variety of neighborhood characteristics 
such as natural amenities, location, public and private investments are capitalized into house 
prices. Consequently, a house in certain area could have different price from that in other areas 
although they have the same housing structural attributes. Climate takes big share and 
environmental quality is also influential (Gyourko and Tracy, 1991; Ridker and Henning, 1967; 
Chay and Greenstone, 2005). The preference for better local public services including police, 
health and school services has been documented (Gyourko and Tracy, 1991; Black, 1999; Bayer 
et al., 2007). Accessibility to the workplace has intrinsic importance in metropolitan areas 
(Heikkila et al., 1989; Voith, 1991). A disamenity is capitalized as well (Blomquist et al., 1988). 
It is also well documented that those attributes are fully capitalized in metropolitan areas because 
of inelastic supply (Hilber, 2017). 
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Conditional on the observed neighborhood characteristics, the impact of the unobserved 
still remains. There are two approaches which deal with the unobserved group effects although 
their interpretations are different. A random group effects model uses location-specific error 
components which represent differentials relative to the average (Gyourko et al., 1999). A fixed 
group effects model involves using dummy variables which control for anything including 
unobservable characteristics.41 However, both approaches have a common difficulty in 
interpreting the source of group effects due to its inherent ambiguity.42 
At this point, it is useful to be aware of the separation of home ownership and occupancy. 
One often buys a house for buy-to-let or buy-to-leave.43 The literature has also recognized that 
both consumption and investment motives affect a purchase of house (Turner, 2003). House 
prices in sales market are forward looking (Poterba et al., 1991). On the other hand, rental prices 
(or rents) depend on current residential services because renters are unwilling to pay for future 
residential services. Thus, sales and rental prices should be treated differently. Furthermore, this 
discrepancy indicates that there would be two types of house characteristics: one related to 
residential decision and the other related to investment decision. Accordingly, price differentials 
should have different levels and variations in sales and rental markets. Comparison of sales 
prices with rental prices provides an additional angle to investigate the source of housing price 
differentials. 
                                                 
41 Neighborhood characteristics can be defined/observed at multiple levels (e.g., state, county and tract). Any effect 
of covariates at the level of dummies cannot be estimated individually in fixed effect model. However, observed 
neighborhood characteristics at lower or higher level can be controlled for. 
42 The ambiguity stems from multiple dimensions because the group effect is the compound of a variety of types and 
levels of unobserved characteristics. 
43 Buy-to-let refers to the purchase of house to rent it out. Buy-to-leave refers to the practice of buying houses as 
investments and leaving them unoccupied. 
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This chapter compares the premium in sales market with the premium in rental market to 
divide total premium into two types of premiums. The study estimates the impact of observed 
neighborhood traits on prices and examines how much urban amenities and demographics 
explain the premiums. It also performs subgroup analyses to control for variation in unobserved 
and location-specific attributes partially, and to examine the effect of difference in those 
attributes between areas on house prices. 
Chapter 3 contributes to the literature in two ways. First, the chapter proposes that it is 
useful to divide house price differentials between areas into two parts comparing sales prices 
with rental prices while the literature usually puts both imputed rents from sales prices of owner-
occupied units and rents of renter-occupied units into the same sample. This would be a way to 
amplify an analysis and/or mitigate a bias. Secondly, this study goes one step further to see the 
sources of house price differentials performing a subgroup analysis. 
It is important to underline some limitations of my approach. First, the assumption of 
identification that there is no systematic correlation between the area dummy and the unobserved 
characteristics at other levels (e.g., house- or subordinate area-levels) could be strong. Secondly, 
the subgroups identification for subgroup analysis could cause selection bias although the 
subgroup variables are carefully selected. 
The remainder of the chapter is organized as follows. Section 3.2 shows model set-up. 
Section 3.3 applies the estimation model to an empirical study to see the impact of observed 
neighborhood characteristics on premiums. Section 3.4 provides the results of subgroup analyses 
to investigate the impacts of connectivity, agedness of building and family size on premiums. 




3.2 The Model 
This study evaluates the effects of neighborhood characteristics on residential values and 
investment values of house prices. To set up a framework, this section shows the relationship 
between residential value and investment value first. Then, it introduces three kinds of 
geographical premiums. 
 
3.2.1 Investment and Residential Values 
A no-arbitrage condition suggests that net present value (𝑉𝑡
𝑅) of rents should be 
equivalent to net present value (𝑉𝑡





𝑅 are a sales price and a rental price at period t, respectively. Here, a rental price 
represents the amount of deposit under deposit-only contract.44 The amount of rent should be 
equivalent to 𝑟𝑡𝑃𝑡
𝑅 where 𝑟𝑡 is an interest rate at period 𝑡. Suppose there is no transaction cost, 
tax, depreciation and repair cost.45 The value of pride of ownership is not considered as a 































𝑅 ) + ⋯ (26) 
                                                 
44 The amount of deposit under deposit-only contract is used in the no-arbitrage condition because it is directly 
comparable to sales price. 
45 If there are no (or small) differences in those factors between owner- and renter-occupied houses and/or between 
areas, those factors should be negligible. 
46 Pride of ownership refers to the rights to customize and decorate houses without getting permission from a 
landlord. When reflecting its value, this would enter equation in a form of fixed amount which becomes a part of 
difference between sales and rental price. This would be cancelled out in the analysis of price differentials between 
areas. Even though there is a difference in the values between areas, pride of ownership should be an unobserved 
attribute, so its effect should be boiled down into the coefficient of area dummy (area fixed effect) as well as the 

















𝑅 ) = 𝐸𝑡(𝑃𝑡+𝑘
𝑅 ) − 𝑃𝑡
𝑅. Using rents directly does not affect the analysis.48 
Here, 𝐸𝑡(∆𝑃𝑡+𝑘
𝑅 ) (or 𝑟𝑡𝐸𝑡(∆𝑃𝑡+𝑘
𝑅 )) represents the expected increment of rental price (or 
rent) at period (𝑡 + 𝑘) relative to period 𝑡.49 When the present value of expected increments of 




𝑅 )∞𝑘=1 , is positive, a house buyer pays more than the 
current residential value. Even if rent is zero, the sales price can be positive as in a buy-to-leave 
case. Also, it allows the house price be able to vary abruptly depending on the buyers’ 




𝑅 )∞𝑘=1  can be 
considered an indicator for investing in a house. Hereinafter, this term is referred to as 
investment value. Correspondingly, 𝑃𝑡
𝑅 is referred to as residential value as well as a rental price. 
Thus, a sales price is a sum of the residential value and the investment value in the model. 
The investment value could arise from a variety of causes. It could be demand shocks that 
would raise rental value or supply shocks that would raise costs (Poterba et al., 1991). For 
existing residential houses in metropolitan areas, the representative examples of occurrence of 
                                                 
47 Refer to Appendix B for the detailed derivation. 










𝑘=1  where 𝐸𝑡(∆𝑟𝑒𝑛𝑡𝑡+𝑘) = 𝐸𝑡(𝑟𝑒𝑛𝑡𝑡+𝑘) − 𝑟𝑒𝑛𝑡𝑡. 
49 There are several notable cases: (i) 𝑃𝑡
𝑆 = 𝑃𝑡
𝑅 if 𝐸𝑡(∆𝑃𝑡+𝑘
𝑅 ) = 0 ∀𝑘, (ii) 𝑃𝑡
𝑆 > 𝑃𝑡
𝑅 if 𝐸𝑡(∆𝑃𝑡+𝑘




𝑅 ) < 0 ∀𝑘. 
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increments include reconstruction of the houses, regional development initiatives and 
improvements in local job market. Among them, the reconstruction is an important source of the 
increments providing two beneficial channels to investment value of widening tenantable floor 
space and appreciating rents per unit floor area.50 
 
3.2.2 Geographical Premiums of Housing Price 
To set up a link between house price and its attributes, a hedonic pricing model is applied 
to rental prices.51 Suppose there are multiple levels of attributes: house-, subordinate area-, and 
area-level. The price function is assumed to be additively separable in those attributes. Consider 
the following specification for the rental price of house i in area j at period t, 
 
𝑃𝑖𝑗𝑡
𝑅 =  𝑍𝑖𝑗𝑡
′ ∙ 𝛽𝑡 + ∑ 𝛾𝑗𝑡
𝐽
𝑗=1 ∙ 𝐷𝑖𝑗𝑡 + 𝑖𝑗𝑡 ,    (28) 
 
where 𝑍𝑖𝑗𝑡 is a vector of house attributes at the levels of individual house and subordinate area, 
and 𝐷𝑖𝑗𝑡 is a vector of area dummies (j = 1,…, J). For identification, one of the area dummies 
(i.e., the dummy for base area) should be equal to zero, and any fixed effects of subordinate areas 
which have linear dependence on 𝐷𝑖𝑗𝑡 should not be included.
52 𝑖𝑗𝑡 is an error term which is 
assumed to be normally distributed with mean 0. 𝛾𝑗𝑡’s are coefficients of interest and assumed to 
capture the effect of location-specific characteristics of area j. By construction, all the effects of 
                                                 
50 The floor space usually widens through reconstruction due to application of higher floor area ratio (FAR) and 
advanced construction techniques. 
51 It is consistent with the literature that applies a hedonic model to rents and imputed rents based on sales price. 
52 Once we know the values of complex dummies or subordinate area dummies (e.g., county or tract), then we know 
the values of area dummies, 𝐷𝑖𝑗𝑡’s (e.g., state). 
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area-level covariates are boiled down to 𝛾𝑗𝑡. It is assumed that there is no systematic correlation 
between the dummies and the unobserved characteristics at other levels. 
In a special case where J equals two, (28) can be rewritten as following: 
 
𝑃𝑖,𝑡
𝑅 = 𝛼𝑡 + 𝑍𝑖,𝑡
′ ∙ 𝛽𝑡 + 𝛾𝑡 ∙ 𝐷𝑖 +  𝑖,𝑡 ,     (29) 
 
where 𝑍𝑖,𝑡 is a vector of house attributes at the levels of individual house and subordinate area. 
𝐷𝑖 is an indicator of whether house i is located in certain area of interest, and it represents 
composite neighborhood characteristics of a certain area.53 𝛾𝑡 represents the housing price 
differential between two areas. 
Some of 𝛽𝑡’s capture the impacts of observed neighborhood traits. When there is a large 
difference in average values of a trait between areas and its coefficient is significant, the trait 
should account for some part of the housing price differential. Thus, controlling for the trait 
should induce the change in the magnitude of price differential. 
𝛾𝑡 can be considered premium because it is an additional cost to be paid for the 
composite of unobserved and location-specific neighborhood characteristics in order to live in 
the area. Hereinafter, it is defined as residential premium. A location-specific attribute refers to a 
neighborhood trait which interacts with the area dummy of interest. Thus, it may give its benefit 
to the houses within certain area exclusively or have a differential impact on prices across areas. 
Suppose 𝑎𝑖,𝑡
𝑙  is an individual location-specific attribute of house 𝑖 at period 𝑡, there are 𝐿 
location-specific attributes, and 𝑔𝑙(∙) is a price effect function of attribute which determines the 
                                                 
53 The subscript 𝑡 of 𝐷𝑖,𝑡 is dropped because it does not change over time. 
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exclusive or incremental/decremental effect of the attribute on price. Then, 𝛾𝑡 = ∑ 𝑔
𝑙(𝑎𝑖,𝑡
𝑙 )𝐿𝑙=1 . 
Under the additive separability assumption on the price function, 
 
𝛾𝑡 = ∑ 𝛾𝑡
𝑙 ∙ 𝑎𝑖,𝑡
𝑙𝐿
𝑙=1       (30) 
 
where 𝛾𝑡
𝑙 is the exclusive or incremental/decremental effect of location-specific attribute on 
price. 
Location-specific attributes can stem from various sources. Urban planning measures and 
regulations are important sources among others. Administrative borders form local identities and 
determine the coverages of local public services. School districts borders restrict the access to 
better school to local residents only. Administrative borders could be perceived as investment 
categories. Also, some regulations can interact with neighborhood characteristics so that they 
have differential effects on house prices across areas. 
In this specification, a sales price of house is derived as follows:54 
 
𝑃𝑖,𝑡
𝑆 = 𝛼𝑡 + 𝑍𝑖,𝑡
′ ∙ 𝛽𝑡 + ∑
1
(1+𝑟𝑡)𝑘+1
𝑟𝑡 [Et(𝛼𝑡+𝑘) + 𝐸𝑡(𝑍𝑖,𝑡+𝑘
′ ∙ 𝛽𝑡+𝑘) − 𝛼𝑡 − 𝑍𝑖,𝑡
′ ∙ 𝛽𝑡]
∞
𝑘=1   





𝑘=1 } ∙ 𝐷𝑖 + 
𝑟𝑡
1+𝑟𝑡
𝑖,𝑡, and    (31) 
 
As shown in (31), a sales price consists of four components except an error term: 
i) 𝛼𝑡 + 𝑍𝑖,𝑡




𝑟𝑡 [Et(𝛼𝑡+𝑘) + 𝐸𝑡(𝑍𝑖,𝑡+𝑘




                                                 
54 Refer to Appendix C for the detailed derivation. 
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𝑘=1 } ∙ 𝐷𝑖. 
 
The component i) represents common residential value as shown in (29). The component 
ii) can be considered common investment value which represents the present value of expected 
increment of common residential value. As in (29), some components of 𝑍𝑖,𝑡 should account for 
some part of housing price differential. 𝛾𝑡 is residential premium as defined above which stems 







𝑘=1      (32) 
 
stems from investment value. Thus, define the last term as investment premium. Finally, define 
the sum of residential and investment premiums as a (total) geographical premium.  
The investment premium represents the present value of expected increments of 
residential premiums. It can arise in various ways combined with sources of residential premium. 
For instance, additional floor space would give higher profits in certain area because the area has 
preferred identity or more inelastic price elasticity of house supply. Also, people who live in the 
area can finance the cost of reconstruction in an easier way and proceed its procedure 
successfully with higher probability than those who live in other areas. 
The residential premium and the investment premium should be positively correlated 
because the investment premium is the function of residential premium and because 𝐸𝑡(𝛾𝑡+𝑘) 
should be correlated with 𝛾𝑡. Nevertheless, those premiums would show different variations to 
the extent that 𝐸𝑡(𝛾𝑡+𝑘) and 𝛾𝑡 are not perfectly correlated. 
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For the purpose of estimation, (31) can be rewritten as follows: 
 
𝑃𝑖,𝑡
𝑆 = ?̃?𝑡 + 𝑍𝑖,𝑡
′ ∙ 𝛽𝑡 + ?̃?𝑡 ∙ 𝐷𝑖 +  ?̃?,𝑡     (33) 
 




′ ∙ 𝛽𝑡+𝑘) − 𝛼𝑡]
∞
𝑘=1 ,  















The estimates of residential premium and total premium can be estimated from (29) and 
(33), respectively. On the other hand, estimating investment premium depends on data structure. 
When sales and rental prices of the same house are available, investment premium can be 
estimated directly from (34) below. Otherwise, the estimate of investment premium can be 




𝑅 = (?̃?𝑡 − 𝛼𝑡) + 𝑍𝑖,𝑡
′ ∙ (𝛽𝑡 − 𝛽𝑡) + (?̃?𝑡 − 𝛾𝑡) ∙ 𝐷𝑖 + ( ?̃?,𝑡 − 𝑖,𝑡)  (34) 
 
3.3 Empirical Application 
3.3.1 Background 
This section evaluates the geographical premium of Gangnam districts in Seoul, South 
Korea. Among eleven districts in southern side of the Han River in Seoul, this empirical study 
covers six neighboring districts. Gangnam districts represents two of them.55 There are 124 
                                                 
55 The six districts are Dongjak-gu, Gwanak-gu, Seocho-gu, Gangnam-gu, Songpa-gu and Gangdong-gu. Among 
them, Gangnam districts here in the chapter represents Seocho-gu and Gangnam-gu. 
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subordinate districts in the six districts. Figure 14 and 15 show the area of the study and the 
geographical relationship between districts and subordinate districts, respectively. 
Since the early 1970s, Seoul Metropolitan Government began to develop southeastern 
side of the Han River which Gangnam districts are located in. The area consisted of a paddy field 
or farm until that time, but it began to be developed to solve Seoul’s overpopulation.56 It was 
designed mainly as a residential area, but the ratio of land for public use (e.g., roads [24.6%], 
schools, parks and so on) was set higher than the national average. Stronger regulations for 
residential use land were applied to the area to create more pleasant environment. For instance, 
the maximum of building-to-land ratio was set 40% for the area while the maximum ratio was 
50~60% in other areas at that time. Among southeastern side of the Han River, Gangnam 
districts were designated as one of three city centers in Seoul alongside two pre-existing centers. 
Since then, the Supreme Court and the Public Prosecutor’s Office moved into Gangnam districts. 
Also, nine prestigious high schools in the old city area moved there, and they formed School 
District 8. 
Now, Gangnam districts have a distinct place identity (Bae and Joo, 2019). It is 
commonly acknowledged that the districts (two of twenty five districts in Seoul) have better 
neighborhood amenities and more jobs than other districts. The area is developed newly, and the 
roads and subway lines are arranged in a grid network. The School District 8 which covers the 
identical area with Gangnam districts is the most preferred school district.57 The two districts 
represent 24.9% (as of 2014) of permanent jobs in Seoul and have more enviable jobs.58 
                                                 
56 The population of Seoul was about 6 million in the early 1970s. 
57 A high school in Seoul should recruit 20% of the students across Seoul, 40% within students who live in its school 
district, and 40% within those who live nearby. 
58 For instance, the headquarters of South Korea’s top two conglomerates are located there. 
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The preferred neighborhood characteristics of Gangnam districts constitute the advantage 
of living in the districts and investing in its residential properties. The attribute differentials 
would be the factors to induce higher current and future demand for houses in Gangnam districts, 
and would be capitalized in higher sales and rental prices. Furthermore, there are some 
unobserved characteristics to consolidate its investment premium. The houses in Gangnam 
districts are perceived as much safer assets.59 The lower perceived risk would less reduce 
household’s demand for house (Turner, 2003). Also, those who live in the area would have 
higher potential for executing reconstruction of existing houses because they could afford the 
expensive cost in an easier way.60 
 
3.3.2 Data 
The housing style of study is a house in a multi-family houses complex with 20 units or 
more. This is usually a high-rise and high-density housing and represents 58.1% of total houses 
in Seoul. This study uses real transaction data in sales and rental markets in 2018. Rental prices 
are the amounts of deposits under deposit-only contracts.61 The transaction prices should be 
reported to the Ministry of Land, Infrastructure and Transport within 60 days from execution 
date of contract by law. Measurement errors can be ignored as discussed in Chapter 1. 
                                                 
59 There are some phrases describing the safety of buying houses in Gangnam districts: “Too safe to fail,” “Gangnam 
never fails” and so on. 
60 Bae and Joo (2019) provides selected indicators showing that people who lives in Gangnam districts are wealthier 
than those in other areas. 
61 A deposit-only contract (called “Jeonsei” in South Korea) between a house owner and a renter is one of most 
popular rental contracts in South Korea. It is very similar to a contract that a renter buys a zero-coupon bond in 
return for residing in a house which is issued by a house owner and has the same maturity date of the end date of 
residency agreement. In conformity with the contract, there is no rent, and the deposit must revert to the renter at the 
end date of the contract. 
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There are two groups of proxy variables from real estate databases, census, surveys and 
administrative data: (1) structural characteristics,62 (2) neighborhood characteristics at the levels 
of complex and subordinate district.63 Group (1) represents observed attributes of house unit, 
floorplan and complex as usual in hedonic models. Group (2) is intended to control for observed 
neighborhood characteristics. It includes location and amenity variables which are measured at 
the level of complex and demographics at the level of subordinate district. The proxy variables 
are described in greater detail in Table 13. 
This study uses data which have non-missing observations on each of the covariates. The 
sample contains 16,231 of houses in sales market and 30,731 in rental market. The descriptive 
statistics in sales market and rental market are in Table 14. 
 
3.3.3 Results 
A summary of the results is reported in Table 15 (see Appendix D for detailed results). 
The first column is the result of the specification which has Gangnam districts dummy and 
month dummies. The estimate of total geographical premium is 677.13, the residential premium 
is 202.30, and the investment premium is 474.83. A proxy variable would be usually a mixture of 
attributes related to both residential value and investment value. This might be mainly because 
most of current residential services are expected to last in the future. It is shown that the 
inclusion of proxy variable groups of structural attributes or neighborhood attributes affects 
                                                 
62 Age of building, the number of units of complex, parking capacity, building-land ratio, floor area ratio (FAR), unit 
size for exclusive use, exclusive use to total floor area ratio, the number of beds, the number of baths, and floor. 
63 Longitude, latitude, elevation, distance to the CBD, distance to the Han River, distance to park/mountain, distance 
to subway station, distance to kindergarten/elementary/middle/high-school, average test score improvement of the 
nearest high school, demographics of subordinate district (e.g., average income, percentage of population aged 6 to 
9,  gender ratio, and percentage of population with bachelor/graduate diploma), etc. 
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much both residential and investment premiums with large increase in R-squared. When 
structural attributes are controlled for, residential premium becomes larger. On the other hand, it 
becomes smaller when neighborhood attributes are controlled for. This implies that the houses in 
non-Gangnam districts have higher quality of structural attributes on average while the houses in 
Gangnam districts enjoy better neighborhood amenities. 
The estimates indicate that observed neighborhood traits account for a substantial part of 
premiums. As noted, when there is a large difference in mean values of a trait between areas and 
its coefficient is significant, the trait should account for some part of the differential. The 
distance to the Central Business District (CBD), the distance to private schooling cluster and 
percentage of population with graduate diploma have a large impact on housing price 
significantly. Also, the differences in their values between areas are large as shown in Table 14. 
 
As shown in Table 16, the inclusion of those factors causes significant reductions in 
estimates of premiums. This means that the attributes are capitalized into the prices of houses in 
Gangnam districts and explain a part of price differentials. The results are consistent with the 
previous literature or plausible. An accessibility to the workplace, represented by the distance to 
the CBD, is a critical factor in metropolitan areas to induce housing price differentials. A better 
educational environment, captured by the distance to private schooling cluster, also induces the 
significant differentials. It is interesting that the distance to private schooling system has much 
larger impact on the differentials than that to public schooling system. Finally, a preference for 
neighbors with advanced degrees might work. Based on the estimated coefficients in columns 
(3), (4) and (5), a proximity to private schooling cluster and a preference for neighbors with 
advanced degrees seem to be positively correlated with each other. 
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The last specification in Table 15 (column (3); hereinafter “base model”) shows that the 
estimates of premiums are not small, conditional on observed structural and neighborhood 
attributes. The residential premium represents 13.2% of the average rental price (8,490,000 
KRW or 7,600 USD per m2) of houses in Gangnam districts in 2018. The geographical premium 
represents 35.4% of the average sales price (16,105,000 KRW or 14,500 USD per m2) of houses 
in Gangnam districts. This implies that most part of geographical premium stems from 
investment value differential. The investment premium represents 80.4% of the total premium. 
This indicates that the expected increments of residential services (or rents) explain larger part of 
price differential rather than the status quo of residential services. 
It is also noteworthy observation that, despite its share, investment premium is less 
sensitive to inclusion of neighborhood characteristics than residential premium. When adding 
neighborhood characteristics, the investment premium reduces by 8.3% while the residential 
premium decreases by almost two thirds. This suggests that the group of observed neighborhood 
characteristics would be less correlated with investment value than residential value.  
The analyses using transaction data in 2017 and complex-level data show similar results 
to that from 2018 house-level data. Table 17 shows the results from the same analysis as in Table 
15 using transaction data in 2017. Although there is a difference in the absolute magnitudes of 
premiums, their relative magnitudes are similar to the results from 2018 data.64 The residential 
premium still remains so that it represents 6.7% of the average rental price (7,843,000 KRW per 
m2). Most of geographical premium (87.7%) stems from investment premium. 
                                                 
64 The difference in absolute magnitudes of premiums would not be large. The estimates of premiums in Appendix 
Table A.5 and Table 1 are for January 2017 and January 2018 because the regressions include month dummies and 
January dummy is omitted. Considering the coefficients of December dummy, the residential and investment 
premiums in December 2017 are 108.85 and 496.52, respectively. Those in January 2018 are 111.72 and 458.70. 
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As noted, investment premium can be estimated directly using the difference between 
sales and rental prices when they are available at the same time. I run the regression of the 
difference between complex-average sales and rental prices on covariates at the levels of 
complex and subordinate district.65 The complexes having any floorplan which is traded in both 
ways of buy/sell and lease in 2018 are used for the analysis. Table 18 also shows that the 
magnitude of investment premium is not small conditional on observed characteristics. The 
complex-level investment premium accounts for 16.0% of the average sales price of houses in 
Gangnam districts. 
 
3.4 The Effect of Unobserved and Location-specific Attributes on House Prices 
This section performs subgroup analysis to control for variation in unobserved and 
location-specific attributes partially and to examine the effect of difference in those attributes 
between areas on house prices. 
As noted in Subsection 3.2.2, geographical premium for Gangnam districts captures the 
composite effects of unobserved and location-specific attributes which interact with the 
Gangnam dummy. Also, I restrict the analysis to a subgroup of the observations which only 
contain houses expected to have similar set of unobserved and location-specific characteristics. 
Note the number of areas equals two in the empirical study. Then, when estimating the hedonic 
pricing function on the subgroups, the effect of difference in unobserved and location-specific 
characteristics between subgroups is captured by the difference in estimates of premiums from 
models on the subgroups.66 If the set of characteristics were exactly the same for all houses in the 
                                                 
65 House- and floorplan-level covariates should be excluded. 
66 In case of two subgroups, there is an equivalent difference-in-differences equation as shown in the footnote 33. 
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subgroup, the effect of difference in the sets between subgroups would be exactly captured by 
the difference in premiums. Suppose that the full sample is divided into two subgroups of A and 
B. The houses in the subgroup A have the location-specific attributes of 𝑎𝑖,𝑡
𝑙  (𝑙 = 1, ⋯ , 𝑘) and 
those in the subgroup B have 𝑎𝑖,𝑡
𝑙  (𝑙 = 1, ⋯ , 𝑘, 𝑘 + 1, ⋯ , 𝐿). Then, the premium for the subgroup 
A should be 𝛾𝑡
𝐴 = ∑ 𝛾𝑡
𝑙 ∙ 𝑎𝑖,𝑡
𝑙𝑘
𝑙=1  and that for the subgroup B should be 𝛾𝑡
𝐵 = ∑ 𝛾𝑡
𝑙 ∙ 𝑎𝑖,𝑡
𝑙𝐿
𝑙=1  by (30). 
The difference in those premiums is ∑ 𝛾𝑡
𝑙 ∙ 𝑎𝑖,𝑡
𝑙𝐿
𝑙=𝑘+1  which represents the effect of difference in 




𝐴 = ∑ 𝛾𝑡
𝑙 ∙ 𝑎𝑖,𝑡
𝑙𝐿
𝑙=𝑘+1      (35) 
 
Although the houses in a subgroup are unlikely to have the exact same set of unobserved 
and location-specific attributes in practice, a well-designed subgroup analysis would partially 
control for variation in those attributes and would help to see the effect of difference in the 
attributes. 
For proper analysis, subgroup identification should be implemented prudently. Ideally, 
the subgroup variable needs to induce heterogeneity in premiums across subgroups, but not to 
cause bias while interacting with Gangnam dummy. Subgroup variables are selected based on 
several criteria in this section. First, a subgroup variable needs to be relevant. The variable 
should be expected to reflect the difference in unobserved characteristics and induce the 
difference in premiums across subgroups. Its effect and direction should be supported by 
plausible arguments for mechanism. When the subgroup effect is consistent with the expectation 
or literature, this will increase the credibility of examination of the heterogeneity. For the study, 
three different types of subgroup variables are considered: indicators of (1) connectivity to the 
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CBD, (2) agedness of building, and (3) family size. High connectivity to the CBD is 
characterized by whether to be located near subway line which continues to the CBD in 
Gangnam districts. The indicator of high connectivity is expected to be negatively correlated 
with both residential and investment premiums for Gangnam districts. The indicator of older-
aged building is expected to be positively correlated with investment premium, but little 
correlated with residential premium. On the other hand, largeness in number of bedrooms (a 
proxy for family size) is expected to be positively correlated with residential premium, but little 
correlated with investment premium. Detailed justification are explained below.67 Secondly, the 
variable should not induce selection bias interacting other variables. To fulfill the condition, it is 
desirable that a subgroup variable is observed before the current state of Gangnam’s 
neighborhood attributes is determined.68 Considering household relocation time, it would be safe 
to use the variable which is determined ten years ago to transaction occurrence. Also, it should 
be argued that the selection process to the subgroup in Gangnam districts is not different from 
that in non-Gangnam districts. Because this is unverifiable, it should be supported by reliable 
argument that the subgroup variable would not have systematically different impact on house 




                                                 
67 In addition to three sets of subgroups, the subgroups which are divided according to transaction date can be 
considered. When dividing transaction dates into three groups (1st-10th, 11th-20th and 21st -31st), it is expected that 
both residential and investment premiums should not vary much with regard to transaction date. The results of 
analysis which is equivalent to the analysis in this section are consistent with the expectation. 
68 Although the border of districts was formed in early 1970s, it is plausible that the neighborhood characteristics has 
changed over time and the Gangnam dummy represents the current state of Gangnam’s neighborhood attributes. 
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3.4.1 Dilution Effect of Connectivity 
The geographical premium would show heterogeneity with regard to connectivity 
between subgroups. This is because it is expected that connectivity would transplant some 
location-specific attributes from one area to the other area. For instance, the introduction of 
commuter rail is likely to change the set of neighborhood attributes in a direction that reduces the 
magnitude of effects of location-specific attributes between areas (within a subgroup) which are 
connected by the commuter rail.69 Thus, the transplantation would reduce the number of 
location-specific attributes within the subgroup. It would dilute the house price differentials 
within the subgroup. However, the difference in premiums across subgroups would increase due 
to the transplantation when the composite effect of location-specific attributes, which is lifted by 
transplantation, on house prices is positive. As shown in Subsection 3.3.3, the proximity to the 
CBD has a positive impact on house prices. Therefore, the increase in connectivity to the CBD 
would reduce geographical premium within areas/subgroup, but would enlarge the difference in 
premiums across subgroups. The magnitude of dilution effect would increase as the level of 
connectivity increases. 
To control for this variation, the study uses the facts that there are multiple subway lines 
connecting Gangnam districts and non-Gangnam districts, and that there is a variation of their 
construction times.70 I divide Gangnam districts and non-Gangnam districts which share western 
border of Gangnam districts into three areas: (1) the regions within 500 meters from subway 
                                                 
69 Voith (1991) finds that the percentage of employees working in the CBD is 12.0% higher but auto ownership is 
4.5% lower in tracts with commuter rail services nearby than in other tracts. That is, the neighborhood 
characteristics become more similar to those in the CBD. 
70 There are four subway lines which lie in both areas: Line 2, 4, 7 and 9. I do not use Line 4 due to its small sample 
size. Also, I do not use Line 9 because the observations in non-Gangnam districts are very close to the Han River but 
the observations in Gangnam districts are not, which would result in bias. Refer to Figure 16. 
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station of Line 2 which was completed in 1984, (2) the regions within 500 meters from subway 
station of Line 7 which was completed in 1996, and (3) the remainder. As shown in Figure 16, 
two lines are parallel to each other and connect Gangnam and non-Gangnam areas keeping their 
distance to the Han River.  
The subgroup variable is based on the locations of houses. The locations are determined 
in 1984 or 1996 for houses which were built before then, or in their completion year for those 
which were built after that times. Also, the location of subway station is basically determined 
based on the same criterion for both Gangnam and non-Gangnam areas to maximize B/C ratio. 
Thus, it is unlikely that houses in the subway region in Gangnam districts have systematically 
higher or lower prices than those in the region in non-Gangnam districts due to the interaction 
between subgroup variable and other attributes. 
Assuming premiums by subgroups had been similar to each other before subways were 
completed, it is expected that the estimates of premiums have the smallest value in the older 
subway subgroup. The estimates should have the largest value in the remainder subgroup. Table 
19 shows the results of estimation for each subgroup. The results are consistent with the 
prediction. The dilution effect of the subway Line 2 is 127.95 (=305.02-177.07; 10,000 KRW per 
m2) in rental market. This means that the effect of location-specific attributes lifted by Line 2 on 
prices is 127.95. The results are robust to specification as shown in Table 20. 
 
3.4.2 Effect of Agedness 
As mentioned, the reconstruction is a significant source of investment value. Despite 
depreciation of building which happens in both houses in Gangnam and non-Gangnam areas, 
reconstruction potential could be capitalized differently across areas to constitute part of 
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investment premium. For instance, the difference in some characteristics could induce the 
difference in probability of reconstruction execution. 
In Seoul, the reconstruction is allowed for houses which are 30 years or more old. In 
reality, the preparatory actions (e.g., forming a promotion organization) to reconstruction begin 
to occur before the houses become 30 years old. It is hard to quantify these actions. Nevertheless, 
it is expected that the indicator of agedness would divide the samples into one subgroup which 
has those unobserved attributes and the other subgroup which does not.71  
The subgroup variable (here, indicator of agedness) for each house is determined in its 
completion year although it increases by 1 as the years go by. Also, it is unlikely that old houses 
in Gangnam area have higher or lower prices than those in non-Gangnam area inherently or 
interacting with other variables. 
The unobserved attributes related to reconstruction process would have different impacts 
on residential premium and investment premium. Reconstruction is unlikely to affect the current 
residential services, but it is likely to affect future residential value. In other words, the location-
specific attributes which older houses have but newer houses do not would be relevant to 
investment value. Therefore, it is expected that there is little difference in residential premium 
across subgroups divided by the extent of agedness, while there is significant difference in 
investment premium across subgroups. The estimation results are consistent with the expectation 
as shown in Table 21. Here, the indicator of agedness is whether the age of building is more than 
20 years or not. The estimated effect of agedness is 640.07 (=975.86-335.79; 10,000 KRW per 
m2) in sales market but negligible in rental market.72 In result, the investment premium within 
                                                 
71 The maximum age of building of the samples is 45 in sales market and 43 in rental. 
72 The results can be estimated by difference-in-differences equations: 𝑃𝑖,𝑡
𝑅 = 𝛼𝑡 + 𝑍𝑖,𝑡
′ ∙ (𝛽𝑡 + 𝜆𝑡 ∙ 𝑚𝑜𝑟𝑒20𝑡) + 𝛾𝑡 ∙
𝐷𝑖 + 𝛿𝑡 ∙ 𝑚𝑜𝑟𝑒20𝑡 + 𝑡 ∙ 𝑚𝑜𝑟𝑒20𝑡 ∙ 𝐷𝑖 +  𝑖,𝑡 and 𝑃𝑖,𝑡
𝑆 = ?̃?𝑡 + 𝑍𝑖,𝑡
′ ∙ (𝛽𝑡 + 𝜆?̃? ∙ 𝑚𝑜𝑟𝑒20𝑡) + ?̃?𝑡 ∙ 𝐷𝑖 + 𝛿?̃? ∙ 𝑚𝑜𝑟𝑒20𝑡 +
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houses more than 20 years old is fairly large with four times the magnitude of the investment 
premium within houses 20 or less years old. This implies that the old houses in Gangnam 
districts seem to serve as an investment vehicle. The results are robust to specification as shown 
in Table 22. 
It should be noted that the base model already includes the variable of age of building. As 
shown in Table 21, its coefficient for the subgroup more than 20 years old is positive (7.01) in 
sales market, but the coefficient for the other subgroup is negative. On the other hand, the 
coefficients are negative for both subgroups in rental market. This supports that the unobserved 
characteristics captured by subgroup variable are much more correlated with age of building in 
sales market than in rental market. Table 23 shows that the premiums only for samples more than 
20 years old are not much subject to the specification with polynomial terms. This implies that 
the estimated effect of agedness on house prices is not much related to the effect of observed age 
of building. 
 
3.4.3 Effect of Family Size 
The examination in this subsection reflects the possibility that different demographic 
households may appreciate the difference in neighborhood characteristics differently and 
involves comparing the premiums for one- and two-bedroom houses with those for three- or 
more than three-bedroom houses.73 If large families (e.g., families with children) value good 
                                                 
?̃? ∙ 𝑚𝑜𝑟𝑒20𝑡 ∙ 𝐷𝑖 +  ̃𝑖,𝑡 where 𝑚𝑜𝑟𝑒20𝑡 is an indicator of whether the age of building is more than 20. These 
specifications are equivalent to the settings in Table 4 except that there is a difference in their error terms. The 
estimate of ?̃?
̂  is 639.93 which corresponds to 640.07 (= 975.86 – 335.79). 
73 The number of bedrooms is determined in house’s completion year. Also, it is unlikely that the houses with many 
bedrooms in Gangnam districts have higher or lower price than those in non-Gangnam districts inherently or 
interacting with other variables. 
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residential environment more, the residential premium for houses with three or more than three 
bedrooms should be larger than that for houses with one or two bedrooms. This is consistent with 
the suggestive evidence with regard to school quality which Black (1999) provides. In short, it is 
expected that the residential premium should vary with the number of bedrooms but the 
investment premium should not. Table 24 shows that the residential premium for houses with 
one or two bedrooms almost disappears while the residential premium for houses with three or 
more have larger value than that for the full sample. The price effect of location-specific 
attributes which only large families value is 110.83 (10,000 KRW per m2). A noteworthy feature 
is that there is little difference in investment premiums. The results are also robust to 
specification as shown in Table 25. 
 
3.5 Conclusions and Implications 
The results of this chapter indicate that the distance to Central Business District, the 
distance to private schooling cluster and percentage of population with graduate diploma are 
significant factors to explain the premium on the houses in Gangnam districts in Seoul, South 
Korea. Controlling for observed neighborhood characteristics results in a large decrease in 
residential premium and a mild decrease in investment premium. The geographical premium 
represents 35.4% of the average sales price of houses in Gangnam districts, conditional on 
observed characteristics. Investment premium accounts for 80.4% of the total premium. The 
subgroup analyses indicate that different types of premiums have different variations with 
respect to different subgroup variables. Geographical premiums are smaller within houses which 
are located near subway station. The investment premium within more than 20 years old houses 
is fairly large with four times the magnitude of the investment premium within 20 or less years 
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old houses, but there is little difference in residential premiums between the subgroups. The 
results hold implications for policies designed to reduce house price differentials and to mitigate 
wealth inequality. Policymakers should be more careful when they implement the measures to 
affect expectation of future residential values because investment premium accounts for a large 
part of total premium. When taking it into account that the expected difference in residential 
services affects investment value, they should pay more attention to a policy to equalize the 
residential environment across areas. Also, they need to keep policies which improve the 
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Figure 1: Graphical Structures of Buy-to-Let Activities Backed by an Intermediate Finance and 
a Direct Finance 
 










Figure 2: Trends of Rent-to-Deposit Ratio and Interest Rates 
 
 
Note. The rent-to-deposit ratio data is adapted from the Korea Appraisal Board. Mortgage rate and CD rate are 






Figure 3: Geography of Rezoning for Housing Policies in Seoul, South Korea 
 
(a) The 2017 rezoning: 11 districts in Zone A and 14 districts in Zone B 
 
 












Figure 5: Spatial Distribution of Treated and Control Groups 
 










Figure 5 (cont.) 
 





Figure 6: Samples by Border Area 
 









Figure 6 (cont.) 
 






Figure 7: Regional Rent-to-Deposit Ratios 
 
(a) The average rent-to-deposit ratio (%) by regulatory zone at the 2017 rezoning measure 
 
Source. Calculated based on the data adapted from Appraisal Board, R-one System. 
Note. The vertical line indicates the time of rezoning measure. The y-axis represents the average of relevant regional 
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Figure 7 (cont.) 
 
(b) The average rent-to-deposit ratio (%) by regulatory zone at the 2018 rezoning measure 
 
Source. Calculated based on the data adapted from Appraisal Board, R-one System. 
Note. The vertical line indicates the time of rezoning measure. The y-axis represents the average of relevant regional 
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Figure 8: House Prices, Jeonsei Deposits and Monthly Rents of Treated and Control Areas 
 
(a) The average house prices of treated and control areas of the 2017 rezoning 
 
Note. The vertical line indicates the time of rezoning measure. The pre-treatment period is from -11 to 0 on x-axis, 
and the post-treatment period is from 1 to 12. Each tick of x-axis represents 30 days. The unit of y-axis is 10,000 
Korean Won per m2. Each observation represents the average of house prices which are observed in a corresponding 









-11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 10 11 12
Treated area Control area
88 
 
Figure 8 (cont.) 
 
(b) The average house prices of treated and control areas of the 2018 rezoning 
 
Note. The vertical line indicates the time of rezoning measure. The pre-treatment period is from -11 to 0 on x-axis, 
and the post-treatment period is from 1 to 10. Each tick of x-axis represents 30 days. The unit of y-axis is 10,000 
Korean Won per m2. Each observation represents the average of house prices which are observed in a corresponding 
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Figure 8 (cont.) 
 
(c) The average Jeonsei deposits of treated and control areas of the 2017 rezoning 
 
Note. The vertical line indicates the time of rezoning measure. The pre-treatment period is from -11 to 0 on x-axis, 
and the post-treatment period is from 1 to 12. Each tick of x-axis represents 30 days. The unit of y-axis is 10,000 
Korean Won per m2. Each observation represents the average of Jeonsei deposits which are observed in a 
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Figure 8 (cont.) 
 
(d) The average Jeonsei deposits of treated and control areas of the 2018 rezoning 
 
Note. The vertical line indicates the time of rezoning measure. The pre-treatment period is from -11 to 0 on x-axis, 
and the post-treatment period is from 1 to 10. Each tick of x-axis represents 30 days. The unit of y-axis is 10,000 
Korean Won per m2. Each observation represents the average of Jeonsei deposits which are observed in a 
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Figure 8 (cont.) 
 
(e) The average monthly rents of treated and control areas of the 2017 rezoning 
 
Note. The vertical line indicates the time of rezoning measure. The pre-treatment period is from -11 to 0 on x-axis, 
and the post-treatment period is from 1 to 12. Each tick of x-axis represents 30 days. The unit of y-axis is 10,000 
Korean Won per m2. Each observation represents the average of monthly rents which are observed in a 
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Figure 8 (cont.) 
 
(f) The average monthly rents of treated and control areas of the 2018 rezoning 
 
Note. The vertical line indicates the time of rezoning measure. The pre-treatment period is from -11 to 0 on x-axis, 
and the post-treatment period is from 1 to 10. Each tick of x-axis represents 30 days. The unit of y-axis is 10,000 
Korean Won per m2. Each observation represents the average of monthly rents which are observed in a 
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Figure 9: Proportions of Residence Types in Seoul, South Korea 
 
(a) Proportions of residence types out of total houses in Seoul 
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Figure 9 (cont.) 
 
(b) Proportions of arrangement types out of tenant-occupied houses in Seoul 
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Figure 10: Impulse Response Function Plots 
 
 
Note. The “conversion” denotes the rent-to-deposit ratio. The “interest_cd” denotes CD rate. The “m_premium” 




Figure 11: Trends of Share of Jeonsei, Rent-to-Deposit Ratio, and Interest Rates 
 
 
Note. The rent-to-deposit ratio data is adapted from the Korea Appraisal Board. Mortgage rate and CD rate are 
adapted from the Bank of Korea. The data are observed on a monthly basis from January 2011 to June 2019. 
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Figure 12: Trends of Share of Jeonsei and Analogy of Spread of Mortgage 
 
 
Note. The rent-to-deposit ratio data is adapted from the Korea Appraisal Board. Mortgage rate is adapted from the 
Bank of Korea. The analogy of spread of mortgage is calculated as the difference between the rent-to-deposit ratio 









Figure 13: Jeonsei-deposit Loans Balance 
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Figure 14: Gangnam Districts and Condominium Complexes 
 
 
a. The hatched area represents Gangnam districts. 










Figure 16: Areas and Observations within 500 meters from Subway Station of Each Subway 
Line 
 
Subway Line 2 Subway Line 7 
  







Table 1: Proportion of Houses by the Number of Houses Owned by a Household in South Korea 
 
Number of 











(= A ×  B) 
   














   






















   
   







   
Note. The data is as of November 1, 2017. 
a. Adapted from Statistics Korea (2019). 
b. For the purpose of calculation, it is supposed that households who have more than or equal to 5 houses have 5 
houses. 






Table 2: Descriptive Statistics 
 
(a) The 2017 rezoning (Sales market) 
 Control area Treated area 
 mean sd mean sd 
log (house price per m2) 6.4 0.3 6.5 0.3 
Ratio of observations after 
rezoning to total sample 
0.3 0.4 0.2 0.4 
Age of building 19.1 8.8 22.9 10.0 
Unit size 78.5 27.6 78.4 31.7 
Floor 9.7 6.7 8.6 5.8 
Observations 2,899 3,036 
 
(b) The 2017 rezoning (Jeonsei market) 
 Control area Treated area 
 mean sd mean sd 
log (deposit per m2) 6.1 0.4 6.1 0.4 
Ratio of observations after 
rezoning to total sample 
0.5 0.5 0.5 0.5 
Age of building 18.3 9.5 23.1 10.8 
Unit size 73.3 26.3 72.2 26.2 
Floor 9.3 6.3 8.2 5.4 
Observations 2,205 3,040 
 
(c) The 2017 rezoning (Monthly-rent market) 
 Control area Treated area 
 mean sd mean sd 
log (annual rent per m2) 3.2 0.5 3.1 0.4 
Ratio of observations after 
rezoning to total sample 
0.5 0.5 0.5 0.5 
Age of building 15.8 10.4 22.6 13.0 
Unit size 49.9 30.7 55.6 25.4 
Floor 9.6 5.9 8.3 5.3 






Table 2 (cont.) 
 
(d) The 2018 rezoning (Sales market) 
 Control area Treated area 
 mean sd mean sd 
log (house price per m2) 6.5 0.3 6.6 0.3 
Ratio of observations after 
rezoning to total sample 
0.4 0.5 0.4 0.5 
Age of building 18.6 8.6 16.3 8.1 
Unit size 79.1 23.9 83.0 30.2 
Floor 8.9 6.1 9.4 6.4 
Observations 1,176 1,016 
 
(e) The 2018 rezoning (Jeonsei market) 
 Control area Treated area 
 mean sd mean sd 
log (deposit per m2) 6.1 0.4 6.3 0.3 
Ratio of observations after 
rezoning to total sample 
0.5 0.5 0.5 0.5 
Age of building 18.0 7.2 16.6 8.3 
Unit size 73.6 22.9 78.4 25.3 
Floor 9.5 6.0 9.4 6.0 
Observations 785 755 
 
(f) The 2018 rezoning (Monthly-rent market) 
 Control area Treated area 
 mean sd mean sd 
log (annual rent per m2) 3.2 0.7 3.3 0.6 
Ratio of observations after 
rezoning to total sample 
0.5 0.5 0.4 0.5 
Age of building 15.3 10.9 13.7 10.4 
Unit size 48.3 32.2 54.4 35.8 
Floor 10.4 5.9 10.3 5.5 






Table 3: Estimates of Effect of the 2017 Rezoning 
 

















price per m2) 
log (deposit 
per m2) 
log (annual rent 
per m2) 
log (house 
price per m2) 
log (deposit 
per m2) 
log (annual rent 
per m2) 
              
𝛽𝑎  -0.01 0.02 -0.03 -0.02** 0.02 0.02 
 (0.01) (0.02) (0.05) (0.01) (0.01) (0.03) 
𝛽𝑡  0.14*** -0.01 -0.12*** 0.19*** 0.07*** 0.12*** 
 (0.01) (0.02) (0.05) (0.01) (0.01) (0.03) 
𝛽𝑑𝑑  0.01 -0.11*** 0.01 -0.02 -0.12*** 0.00 
 (0.02) (0.02) (0.07) (0.02) (0.02) (0.04) 
Age of 
building    -0.00*** -0.01*** -0.02*** 
    (0.00) (0.00) (0.00) 
Unit size    -0.00*** -0.00*** -0.01*** 
    (0.00) (0.00) (0.00) 
Floor    0.00*** 0.01*** 0.00 
    (0.00) (0.00) (0.00) 
Border area 
FE    Yes Yes Yes 
       
Constant 6.40*** 6.13*** 3.25*** 7.07*** 6.56*** 4.07*** 
 (0.01) (0.01) (0.04) (0.02) (0.03) (0.07) 
       
Observations 5,935 5,245 799 5,935 5,245 799 
R-squared 0.05 0.01 0.02 0.41 0.26 0.68 





Table 4: Estimates of Effect of the 2018 Rezoning 
 

















price per m2) 
log (deposit 
per m2) 
log (annual rent 
per m2) 
log (house 
price per m2) 
log (deposit 
per m2) 
log (annual rent 
per m2) 
              
𝛽𝑎  -0.00 -0.00 -0.12 0.02 -0.01 0.00 
 (0.02) (0.03) (0.13) (0.01) (0.02) (0.09) 
𝛽𝑡  0.16*** 0.16*** 0.15 0.15*** 0.14*** 0.21** 
 (0.02) (0.03) (0.14) (0.01) (0.02) (0.10) 
𝛽𝑑𝑑  -0.04* -0.03 -0.14 -0.04** -0.01 -0.08 
 (0.03) (0.04) (0.21) (0.02) (0.03) (0.14) 
Age of 
building    -0.02*** -0.02*** -0.02*** 
    (0.00) (0.00) (0.00) 
Unit size    -0.00*** -0.00*** -0.01*** 
    (0.00) (0.00) (0.00) 
Floor    0.01*** 0.00*** 0.01** 
    (0.00) (0.00) (0.01) 
Border area 
FE    Yes Yes Yes 
       
Constant 6.51*** 6.14*** 3.27*** 7.13*** 6.70*** 3.93*** 
 (0.01) (0.02) (0.10) (0.02) (0.04) (0.11) 
       
Observations 2,192 1,540 164 2,192 1,540 164 
R-squared 0.05 0.04 0.03 0.46 0.26 0.60 




Table 5: Results of Placebo Test for the 2017 Rezoning 
 

















price per m2) 
log (deposit 
per m2) 
log (annual rent 
per m2) 
log (house 
price per m2) 
log (deposit 
per m2) 
log (annual rent 
per m2) 
              
𝛽𝑎  0.01 0.01 0.06 0.01 -0.01 0.02 
 (0.01) (0.02) (0.05) (0.01) (0.01) (0.03) 
𝛽𝑡  0.13*** -0.02 -0.19*** 0.18*** 0.06*** 0.14*** 
 (0.01) (0.01) (0.05) (0.01) (0.01) (0.03) 
𝛽𝑑𝑑  -0.02 -0.03 -0.04 -0.01 -0.02 -0.06 
 (0.01) (0.02) (0.06) (0.01) (0.02) (0.04) 
Age of 
building    -0.00*** -0.01*** -0.02*** 
    (0.00) (0.00) (0.00) 
Unit size    -0.00*** -0.00*** -0.01*** 
    (0.00) (0.00) (0.00) 
Floor    0.00*** 0.01*** 0.00 
    (0.00) (0.00) (0.00) 
Border area 
FE    Yes Yes Yes 
       
Constant 6.40*** 6.14*** 3.25*** 7.11*** 6.69*** 4.17*** 
 (0.01) (0.01) (0.04) (0.02) (0.03) (0.06) 
       
Observations 8,752 5,306 805 8,752 5,306 805 
R-squared 0.04 0.00 0.05 0.44 0.33 0.69 





Table 6: Results of Placebo Test for the 2018 Rezoning 
 

















price per m2) 
log (deposit 
per m2) 
log (annual rent 
per m2) 
log (house 
price per m2) 
log (deposit 
per m2) 
log (annual rent 
per m2) 
              
𝛽𝑎  -0.01 0.03 0.03 -0.01 0.07*** -0.02 
 (0.01) (0.03) (0.10) (0.01) (0.02) (0.07) 
𝛽𝑡  0.10*** 0.21*** 0.03 0.13*** 0.12*** 0.04 
 (0.01) (0.03) (0.09) (0.01) (0.02) (0.06) 
𝛽𝑑𝑑  -0.02 -0.03 -0.07 -0.02 -0.06** -0.01 
 (0.02) (0.04) (0.14) (0.02) (0.03) (0.09) 
Age of 
building    -0.01*** -0.02*** -0.02*** 
    (0.00) (0.00) (0.00) 
Unit size    -0.00*** -0.00*** -0.01*** 
    (0.00) (0.00) (0.00) 
Floor    0.00*** 0.00*** 0.00 
    (0.00) (0.00) (0.00) 
Border area 
FE    Yes Yes Yes 
       
Constant 6.36*** 6.07*** 3.27*** 6.95*** 6.62*** 3.97*** 
 (0.01) (0.02) (0.07) (0.02) (0.04) (0.08) 
       
Observations 2,286 1,688 232 2,286 1,688 232 
R-squared 0.04 0.05 0.00 0.54 0.37 0.59 








Table 7: Augmented Dickey-Fuller (ADF) Test Results for Unit-root 
 
 Level First differences 
 Intercept Intercept and trend Intercept Intercept and trend 
𝐽𝑡 -1.644 (3) -1.263 (3) -4.782 (2)
 a -4.898 (2) a 
𝐶𝑡 -2.042 (4) 0.810 (4) -3.249 (3)
 b -3.907 (3) b 
𝑖𝑡
𝐶𝐷 -1.649 (4) -0.911 (4) -5.866 (1) a -6.007 (1) a 
𝜋𝑡
𝑀 -1.162 (2) -0.957 (2) -6.667 (1) a -6.617 (1) a 
 
Note. 𝐽𝑡 , 𝐶𝑡 , 𝑖𝑡
𝐶𝐷 and 𝜋𝑡
𝑀 denote the share of Jeonsei, the rent-to-deposit ratio, the interest rate of negotiable 
certificate of deposit, and the risk premium of mortgage, respectively. ADF statistic is obtained by 𝛥𝑦𝑡 = 𝛽0 +
𝛽1𝑦𝑡−1 + ∑ 𝛽2 𝛥𝑦𝑡−𝑗
𝑝
𝑗=1 + 𝛿𝑡 + 𝜐𝑡 where 𝑦 is the variable examined and 𝜐𝑡 is the white-noise error term. For the 
model without trend, 𝛿𝑡 is removed. The numbers in brackets indicate the number of lags of 𝛥𝑦𝑡−𝑗, i.e., 𝑝. 
a. The null hypothesis of a unit-root is rejected at the significance level of 1%. 







Table 8: Phillips-Perron (PP) Test Results for Unit-root 
 
 Level First differences 
 Intercept Intercept and trend Intercept Intercept and trend 
𝐽𝑡 -1.720 -1.169 -11.917
 a -12.046 a 
𝐶𝑡 -1.697 0.982 -9.576
 a -9.972 a 
𝑖𝑡
𝐶𝐷 -0.840 -1.240 -6.097 a -6.123 a 
𝜋𝑡
𝑀 -1.692 -1.858 -7.568 a -7.509 a 
Note. PP statistic is obtained by 𝛥𝑦𝑡 = 𝛽0 + 𝛽1𝑦𝑡−1 + 𝛿𝑡 + 𝜐𝑡 where 𝑦 is the variable examined. For the model 
without trend, 𝛿𝑡 is removed. 
a. The null hypothesis of a unit-root is rejected at the significance level of 1%. 
b. 𝐽𝑡, 𝐶𝑡, 𝑖𝑡
𝐶𝐷 and 𝜋𝑡
𝑀 denote the share of Jeonsei, the rent-to-deposit ratio, the interest rate of negotiable certificate 







Table 9: Johansen Test Results for Cointegration 
 
Null hypothesis Trace statistics 5% critical value 1% critical value 
r = 0 69.990 a 47.21 54.46 
r ≤ 1 39.570 a 29.68 35.65 
r ≤ 2 13.080 15.41 20.04 
r ≤ 3 1.497 3.76 6.65 




Table 10: The Estimates of Cointegrating Vectors 
 
Beta Coef. Std. Err. z p-value [95% Conf. Interval] 
       
cointegration equation 1             
share of Jeonsei 1 . . . . . 
rent-to-deposit ratio 0 (omitted)     
CD rate -0.077  0.007  -10.430  0.000  -0.092  -0.063  
risk premium of mortgage 0.012  0.023  0.520  0.600  -0.034  0.058  
constant -0.597  . . . . . 
       
cointegration equation 2             
share of Jeonsei 0 (omitted)     
rent-to-deposit ratio 1 . . . . . 
CD rate -1.537  0.101  -15.190  0.000  -1.735  -1.339  
risk premium of mortgage -0.648  0.320  -2.030  0.043  -1.274  -0.022  




Table 11: The Resulting Final Estimates of Cointegrating Vectors 
 
Beta Coef. Std. Err. z p-value [95% Conf. Interval] 
       
cointegration equation 1             
share of Jeonsei 1 . . . . . 
rent-to-deposit ratio 0 (omitted)     
CD rate -0.078  0.007  -11.880  0.000  -0.091  -0.065  
risk premium of mortgage 0 (omitted)     
constant -0.580  . . . . . 
       
cointegration equation 2             
share of Jeonsei 0 (omitted)     
rent-to-deposit ratio 1 . . . . . 
CD rate -1.535  0.099  -15.510  0.000  -1.729  -1.341  
risk premium of mortgage -0.609  0.303  -2.010  0.045  -1.204  -0.015  




Table 12: Rate of Convergence 
 
Alpha Coef. Std. Err. Z p-value [95% Conf. Interval] 
D_share of Jeonsei             
_ce1       
L1. -0.210  0.051  -4.100  0.000  -0.310  -0.110  
_ce2       
L1. -0.013  0.004  -3.610  0.000  -0.020  -0.006  
D_rent-to-deposit ratio           
_ce1       
L1. 0.326  0.183  1.790  0.074  -0.032  0.685  
_ce2       
L1. -0.051  0.013  -4.060  0.000  -0.075  -0.026  
D_CD rate             
_ce1       
L1. 0.403  0.229  1.760  0.078  -0.045  0.852  
_ce2       
L1. 0.001  0.016  0.050  0.961  -0.030  0.031  
D_risk premium             
_ce1       
L1. -0.089  0.285  -0.310  0.754  -0.647  0.469  
_ce2       
L1. 0.030  0.020  1.560  0.119  -0.008  0.069  







Table 13: Variable Description 
Variables Description 
Dependent variable  
Price per exclusive size 
Sales or rental transaction price per unit size for exclusive use (10,000 
KRW per m2) in 2018 (or in 2017). The amount of deposit under 
deposit-only contract is used for rental price. 
Covariates 
(1) Structural characteristics 
 - Complex-level 
Age of building = 2018 – construction year + 1 (or 2017 – construction year + 1) 
# units of complex The number of dwelling units of the complex 
Parking capacity Parking lots per a unit of the complex 
Building-land ratio The ratio of area which buildings pose to total area 
Floor-area ratio The ratio of total floor sizes to total area size 
 - Floorplan-level  
Exclusive unit size Unit size for exclusive use 
Exclusive-to-total unit size ratio 
The ratio of unit size for exclusive use to total size for exclusive and 
common use 
# units of floorplan The number of dwelling units of the floorplan 
# beds The number of bedrooms 
# baths The number of bathrooms 
- Unit-level  
Floor The floor of unit 
(2) Neighborhood characteristics  
 - Location (complex-level) 
Han River view 
Indicator of whether the house is located within 250 meters distance to 
the Han River 
Longitude Longitude * 100 
Latitude Latitude * 100 
Elevation Elevation 
Dist. to Han River A distance to the Han river 
Dist. to CBD A distance to the Gangnam Business District 




Table 13 (cont.) 
Variables Description 
Dist. to subway station A distance to the nearest subway station 
Dist. to large general hospital 
A distance to the nearest large general hospital which is designated by 
government 
Dist. to commercial area A distance to the nearest commercial area border 
Dist. to large store A distance to the nearest large store (department, marketplace, etc.) 
Dist. to kindergarten A distance to the nearest kindergarten 
Dist. to elementary school A distance to the nearest elementary school 
Dist. to middle school A distance to the nearest middle school 
Dist. to high school 
A distance to the nearest high school (excluded vocational and special-
purposed school) 
Ave. test score improvement 
 index of near high school 
An average improvement index of the National Assessment of 
Educational Achievement (NAEA) in 2016 of the nearest high school. 
The NAEA is a compulsory national-level test which all 9th and 11th 
graders have to take. The index assesses how much a given high 
school’s effort improved the students’ academic achievement for 2 
years (from 9th grade to 11th grade) controlling the students’ prior 
achievement at the 9th grade. The positive value of the index means 
that the high school outperformed, and 11th graders of the school get 
higher scores on average compared to 11th graders of other schools 
which has the same average prior score (at 9th grade) of its students. 
The Korea Institute for Curriculum and Evaluation, a test 
administration agency provides three improvement indexes by subject 
(Reading, Mathematics, and English). This study uses the arithmetic 
mean of the indexes. 
Dist. to private schooling cluster A distance to the private schooling cluster located in Gangnam districts 
Dist. to special school A distance to the nearest special school 
Dist. to vocational school A distance to the nearest vocational high school 
 - Demographics (subordinate district-level; as of 2015 unless otherwise stated) 
Ave. income Average total monthly income of subordinate district (as of 2017) 
% aged 6~9 
Percentage of population aged 6 to 9 relative to total population(6 or 
more) 
% aged 60~ 
Percentage of population aged 60 or more relative to total population(6 
or more) 
% foreigners Percentage of foreigners 
Gender ratio The ratio of men to women in a population 
% less than high school 
Percentage of population with less than high school diploma relative to 
total population(6 or more) 
% bachelor 
Percentage of population with bachelor diploma (2- & 4-year) relative 
to total population(6 or more) 
% graduate 
Percentage of population with graduate diploma relative to total 
population(6 or more) 
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Table 14: Descriptive Statistics 
 
(1) Transactions in Sales Market in 2018 
 Non Gangnam districts Gangnam districts 
Variables mean s.d. mean s.d. 
Price per exclusive size (10,000 KRW per m2) 924.17 368.51 1,610.54 590.38 
Age of building 16.58 7.95 18.69 10.55 
# units of complex 1,293.54 1,520.98 891.04 1,076.94 
Parking capacity (# parking lots per house unit) 1.20 0.47 1.46 0.71 
Building-land ratio (%) 24.89 11.97 26.30 14.31 
Floor-area ratio (%) 301.60 132.35 331.86 223.20 
Exclusive unit size (m2) 81.12 28.17 97.15 44.04 
Exclusive-to-total unit size ratio (%) 76.83 5.54 78.86 6.75 
# units of floorplan 327.28 481.31 236.40 405.69 
# beds 2.98 0.71 3.13 0.97 
# baths 1.69 0.47 1.73 0.53 
Floor 10.08 6.78 9.99 7.70 
Han River view (dist. to Han River <= 250m) 0.01 0.10 0.02 0.15 
Longitude 127.05 0.09 127.04 0.03 
Latitude 37.51 0.03 37.50 0.02 
Elevation (m) 40.96 29.59 26.26 13.19 
Dist. to Han River (m) 2,538.85 1,707.06 2,701.54 1,451.91 
Dist. to CBD (m) 8,512.48 2,686.43 3,691.60 1,729.25 
Dist. to green area (m) 191.27 145.14 195.87 139.91 
Dist. to subway station (m) 548.03 322.96 498.72 371.70 
Dist. to large general hospital (m) 2,591.19 1,384.81 1,711.15 1,012.11 
Dist. to commercial area (m) 687.52 492.37 408.73 375.07 
Dist. to large store (m) 468.02 364.73 527.19 471.05 
Dist. to kindergarten (m) 289.16 165.54 404.22 218.98 
Dist. to elementary school (m) 327.95 170.44 385.40 175.49 
Dist. to middle school (m) 429.98 250.10 473.08 275.96 
Dist. to high school (m) 672.06 369.85 661.74 435.18 
Ave. test score improvement index of near high 
school 
-2.57 3.66 -0.86 2.69 
Dist. to private schooling cluster (m) 8,485.45 2,493.16 3,005.76 1,754.83 
Dist. to special school (m) 1,573.06 814.07 2,893.05 1,503.62 
Dist. to vocational school (m) 1,736.61 935.21 2,326.10 1,280.56 
Ave. income (10,000 KRW; monthly) 387.60  496.03  
% aged 6~9 3.16  3.62  
% aged 60~ 18.55  17.18  
% foreigners 2.73  1.63  
Gender ratio 97.99  91.96  
% less than high school 19.59  14.80  
% bachelor 46.39  51.65  
% graduate 7.59  15.87  





Table 14 (cont.) 
 
(2) Transactions in Rental Market in 2018 
 Non Gangnam districts Gangnam districts 
Variables mean s.d. mean s.d. 
Price per exclusive size (10,000 KRW per m2) 646.76 211.84 849.03 280.83 
Age of building 15.45 8.68 20.56 11.86 
# units of complex 1,739.37 2,022.71 967.97 1,079.79 
Parking capacity (# parking lots per house unit) 1.20 0.40 1.30 0.52 
Building-land ratio (%) 23.41 11.37 23.64 12.30 
Floor-area ratio (%) 285.02 111.78 277.61 164.06 
Exclusive unit size (m2) 78.90 24.56 86.64 34.84 
Exclusive-to-total unit size ratio (%) 76.03 4.99 78.14 6.81 
# units of floorplan 444.45 667.14 308.85 515.15 
# beds 2.95 0.65 3.05 0.85 
# baths 1.69 0.47 1.62 0.52 
Floor 10.35 6.85 9.04 6.51 
Han River view (dist. to Han River <= 250m) 0.02 0.16 0.03 0.17 
Longitude 127.06 0.09 127.04 0.03 
Latitude 37.51 0.03 37.50 0.02 
Elevation (m) 35.91 25.69 25.55 12.54 
Dist. to Han River (m) 2,345.01 1,739.44 2,603.96 1,453.89 
Dist. to CBD (m) 7,814.00 2,726.75 3,526.31 1,686.91 
Dist. to green area (m) 188.15 136.75 189.24 138.74 
Dist. to subway station (m) 540.19 298.78 493.91 376.05 
Dist. to large general hospital (m) 2,429.17 1,305.03 1,677.39 1,021.09 
Dist. to commercial area (m) 680.24 472.63 440.30 345.09 
Dist. to large store (m) 469.37 354.02 518.60 461.25 
Dist. to kindergarten (m) 286.98 160.12 387.35 211.06 
Dist. to elementary school (m) 306.71 171.46 387.24 177.99 
Dist. to middle school (m) 413.00 239.34 480.58 272.38 
Dist. to high school (m) 671.55 420.80 651.83 408.37 
Ave. test score improvement index of near high 
school 
-2.76 3.52 -0.80 2.48 
Dist. to private schooling cluster (m) 7,836.06 2,561.27 2,905.88 1,751.51 
Dist. to special school (m) 1,672.05 840.30 2,675.62 1,466.48 
Dist. to vocational school (m) 1,838.89 904.22 2,275.79 1,385.04 
Ave. income (10,000 KRW; monthly) 387.60  496.03  
% aged 6~9 3.16  3.62  
% aged 60~ 18.55  17.18  
% foreigners 2.73  1.63  
Gender ratio 97.99  91.96  
% less than high school 19.59  14.80  
% bachelor 46.39  51.65  
% graduate 7.59  15.87  





Table 15: Estimates of Geographical Premiums in 2018 (10,000 KRW per m2) 
 
 (1) (2) (3) 
 Sales Rental Sales Rental Sales Rental 
Gangnam districts a 
      
677.13*** 202.30*** 809.02*** 308.63*** 570.42*** 111.72*** 
(7.49) (2.80) (5.92) (2.20) (11.81) (4.45) 
Structural 
characteristics 
  Yes Yes Yes Yes 
Neighborhood 
characteristics 
    Yes Yes 
Month dummies Yes Yes Yes Yes Yes Yes 
Observations 16,231 30,731 16,231 30,731 16,231 30,731 
R-squared 0.36 0.15 0.64 0.56 0.80 0.73 
Investment premium b 474.83 500.39 458.70 
Standard errors in parentheses   *** p<0.01, ** p<0.05, * p<0.1 
a. The coefficients of Gangnam dummy in sales and rental markets represent geographical premium and 
residential premium, respectively. 





Table 16: Impacts of Observed Neighborhood Characteristics (10,000 KRW per m2) 
 
 (1) (2) (3) (4) (5) 
 Sales Rental Sales Rental Sales Rental Sales Rental Sales Rental 
Gangnam 
districts a 
          
809.02*** 308.63*** 478.86*** 143.24*** 477.92*** 157.56*** 499.81*** 138.52*** 378.50*** 66.94*** 
(5.92) (2.20) (7.41) (3.00) (8.41) (3.36) (8.36) (2.83) (9.01) (3.37) 
Dist. to CBD 
(meter) 
  -0.07*** -0.03***     -0.09*** -0.03*** 
  (0.00) (0.00)     (0.00) (0.00) 
Dist. to private 
schooling 
cluster (meter) 
    -0.06*** -0.03***   0.04*** 0.01*** 
    (0.00) (0.00)   (0.00) (0.00) 
% of population 
with graduate 
diploma 
      33.47*** 19.33*** 22.12*** 15.17*** 
      (0.68) (0.23) (0.67) (0.23) 
Structural 
characteristics 
Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 
Month dummies Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 
Observations 16,231 30,731 16,231 30,731 16,231 30,731 16,231 30,731 16,231 30,731 
R-squared 0.64 0.56 0.72 0.62 0.70 0.60 0.69 0.64 0.74 0.67 
Investment 
premium b 
500.39 335.62 320.36 361.29 311.56 
Standard errors in parentheses   *** p<0.01, ** p<0.05, * p<0.1 
a. The coefficients of Gangnam dummy in sales and rental markets represent geographical premium and 
residential premium, respectively. 





Table 17: Estimates of Geographical Premiums in 2017 a (10,000 KRW per m2) 
 
 (1) (2) (3) 
 Sales Rental Sales Rental Sales Rental 
Gangnam districts a 
      
573.67*** 174.56*** 657.72*** 276.59*** 432.86*** 53.08*** 
(4.61) (2.84) (3.62) (2.34) (7.44) (4.58) 
Structural 
characteristics 
  Yes Yes Yes Yes 
Neighborhood 
characteristics 
    Yes Yes 
Month dummies Yes Yes Yes Yes Yes Yes 
Observations 25,743 27,781 25,743 27,781 25,743 27,781 
R-squared 0.39 0.14 0.67 0.51 0.81 0.73 
Investment premium b 399.11 381.13 379.78 
 
379.78 
Standard errors in parentheses   *** p<0.01, ** p<0.05, * p<0.1 
a. The coefficients of Gangnam dummy in sales and rental markets represent geographical premium and 
residential premium, respectively. 






Table 18: Investment Premium at the Level of Complex in 2018 a (10,000 KRW per m2) 
 
 (1) (2) (3) 
Investment Premium 
(coefficient of Gangnam 
districts dummy) 
     
355.30*** 348.27*** 257.71*** 
(17.44) (14.35) (36.68) 
   
Structural characteristics b  Yes Yes 
Neighborhood characteristics b   Yes 
Month dummies Yes Yes Yes 
    
Observations 1,106 1,106 1,106 
R-squared 0.31 0.57 0.70 
Standard errors in parentheses   *** p<0.01, ** p<0.05, * p<0.1 
a. The dependent variable is the difference between average sales and rental price of the complex.  






Table 19: Heterogeneity with regard to Connectivity a (10,000 KRW per m2) 
 
  All 
Line 2 
(completed in 1984) 
Line 7 
(completed in 1996) 
Remainder 
 Sales Rental Sales Rental Sales Rental Sales Rental 
                  
Gangnam 
districts 
645.05*** 232.37*** 225.54*** 177.07*** 558.82*** 245.48*** 803.81*** 305.02*** 
(21.66) (8.76) (74.31) (42.52) (69.01) (40.04) (30.06) (12.22) 
         
Observations 10,054 19,565 904 1,529 1,629 3,313 7,521 14,723 
R-squared 0.83 0.74 0.85 0.79 0.92 0.82 0.84 0.75 
Investment 
premium b 
412.68 48.47 313.34 498.79 
Standard errors in parentheses   *** p<0.01, ** p<0.05, * p<0.1 
a. Each regression includes structural characteristics, neighborhood characteristics and month dummies. The 
specification is basically the same as the base model (specification (3) in Table 1) except that the variable of Han 
River view is excluded because all the observations have the same value of zero. 






Table 20: Heterogeneity with regard to Connectivity by Specification a 
 
  All Line 2 Line 7 Remainder 
 Sales Rental Sales Rental Sales Rental Sales Rental 




645.05*** 232.37*** 225.54*** 177.07*** 558.82*** 245.48*** 803.81*** 305.02*** 
(21.66) (8.76) (74.31) (42.52) (69.01) (40.04) (30.06) (12.22) 
         
N 10,054 19,565 904 1,529 1,629 3,313 7,521 14,723 
R-squared 0.83 0.74 0.85 0.79 0.92 0.82 0.84 0.75 
         
Investment 
premium b 412.68 48.47 313.34 498.79 
         




911.87*** 339.61*** 630.67*** 339.61*** 816.01*** 335.79*** 983.07*** 356.61*** 
(7.68) (2.86) (17.39) (8.56) (12.34) (4.96) (9.37) (3.57) 
         
N 10,054 19,565 904 1,529 1,629 3,313 7,521 14,723 
R-squared 0.66 0.58 0.72 0.72 0.82 0.78 0.67 0.56 
         
Investment 
premium b 572.26 291.06 480.22 626.46 
         




810.39*** 275.81*** 447.11*** 228.10*** 680.91*** 305.66*** 897.03*** 293.63*** 
(8.98) (3.73) (21.72) (12.87) (17.97) (7.56) (10.80) (4.54) 
         
N 10,054 19,565 904 1,529 1,629 3,313 7,521 14,723 
R-squared 0.47 0.22 0.37 0.18 0.51 0.34 0.50 0.23 
         
Investment 
premium b 534.58 219.01 375.25 603.4 
         
Standard errors in parentheses   *** p<0.01, ** p<0.05, * p<0.1 
a. Each regression includes month dummies. 





Table 21: Heterogeneity with regard to Agedness a (10,000 KRW per m2) 
 
  All 20 years or less More than 20 years 
 Sales Rental Sales Rental Sales Rental 
              
Gangnam districts 570.42*** 111.72*** 335.79*** 133.25*** 975.86*** 133.40*** 
 (11.81) (4.45) (11.70) (6.39) (22.29) (6.58) 
       
Age of building -5.03*** -12.54*** -25.41*** -15.61*** 7.01*** -11.58*** 
 (0.33) (0.12) (0.46) (0.23) (0.92) (0.30) 
       
Observations 16,231 30,731 11,342 19,720 4,889 11,011 
R-squared 0.80 0.73 0.87 0.76 0.89 0.60 
Investment premium b 458.70 202.54 842.46 
Standard errors in parentheses   *** p<0.01, ** p<0.05, * p<0.1 
a. Each regression includes structural characteristics, neighborhood characteristics and month dummies. 






Table 22: Heterogeneity with regard to Agedness by Specification a 
 
  All 20 years or less More than 20 years 
 Sales Rental Sales Rental Sales Rental 
(3): Conditional on neighborhood characteristics in addition to (2) 
 
Gangnam districts 570.42*** 111.72*** 335.79*** 133.25*** 975.86*** 133.40*** 
 (11.81) (4.45) (11.70) (6.39) (22.29) (6.58) 
       
N 16,231 30,731 11,342 19,720 4,889 11,011 
R-squared 0.80 0.73 0.87 0.76 0.89 0.60 
       
Investment premium b 458.70 202.54 842.46 
       
(2): Conditional on structural characteristics in addition to (1) 
 
Gangnam districts 809.02*** 308.63*** 682.89*** 364.67*** 909.06*** 212.90*** 
 (5.92) (2.20) (7.14) (3.13) (8.92) (2.45) 
       
N 16,231 30,731 11,342 19,720 4,889 11,011 
R-squared 0.64 0.56 0.65 0.56 0.80 0.47 
       
Investment premium b 500.39 318.22 696.16 
       
(1): Gangnam dummy 
 
Gangnam districts 677.13*** 202.30*** 543.81*** 295.74*** 955.51*** 159.32*** 
 (7.49) (2.80) (9.32) (3.75) (11.53) (2.41) 
       
N 16,231 30,731 11,342 19,720 4,889 11,011 
R-squared 0.36 0.15 0.27 0.25 0.59 0.29 
       
Investment premium b 474.83 248.07 796.19 
       
Standard errors in parentheses    *** p<0.01, ** p<0.05, * p<0.1 
a. Each regression includes month dummies.  





Table 23: Polynomial specification only for houses more than 20 years old a (10,000 KRW per 
m2) 
 
 (1) (2) (3) (4) 
 Sales Rental Sales Rental Sales Rental Sales Rental 
                  
Gangnam 
districts 
975.86*** 133.40*** 976.20*** 144.08*** 975.86*** 138.02*** 962.58*** 139.23*** 
(22.29) (6.58) (22.29) (6.54) (21.98) (6.65) (22.13) (6.59) 
Age of 
building 7.01*** -11.58*** -0.20 21.55*** 
-
520.78*** 107.84*** 843.66*** -1,737.6*** 
 (0.92) (0.30) (6.22) (2.14) (44.45) (18.03) (305.52) (126.54) 
Age of 
building ^ 2   0.12 -0.53*** 17.15*** -3.38*** -50.11*** 89.32*** 
   (0.10) (0.03) (1.44) (0.59) (14.97) (6.32) 
Age of 
building ^ 3     -0.18*** 0.03*** 1.26*** -2.00*** 
     (0.02) (0.01) (0.32) (0.14) 
Age of 
building ^ 4       -0.01*** 0.02*** 
       (0.00) (0.00) 
         
Observations 4,889 11,011 4,889 11,011 4,889 11,011 4,889 11,011 
R-squared 0.89 0.60 0.89 0.61 0.89 0.61 0.89 0.62 
         
Investment 
premium b 842.46 832.12 837.84 823.35 
         
Standard errors in parentheses   *** p<0.01, ** p<0.05, * p<0.1 
a. Each regression includes structural characteristics, neighborhood characteristics and month dummies. 




Table 24: Heterogeneity with regard to Number of Bedrooms a (10,000 KRW per m2) 
 
  All One or two bedrooms Three or more bedrooms 
 Sales Rental Sales Rental Sales Rental 
Gangnam districts 570.42*** 111.72*** 455.58*** 33.63*** 569.53*** 144.48***  
(11.81) (4.45) (35.96) (12.40) (11.97) (4.82) 
Observations 16,231 30,731 2,546 4,778 13,685 25,953 
R-squared 0.80 0.73 0.87 0.77 0.83 0.75 
Investment premium b 458.7 421.95 425.05 
Standard errors in parentheses   *** p<0.01, ** p<0.05, * p<0.1 
a. Each regression includes structural characteristics, neighborhood characteristics and month dummies. 






Table 25: Heterogeneity with regard to the Number of Bedrooms by Specification a 
 
  All One or two bedrooms Three or more bedrooms 
 Sales Rental Sales Rental Sales Rental 
(3): Conditional on neighborhood characteristics in addition to (2) 
 
Gangnam districts 570.42*** 111.72*** 455.58*** 33.63*** 569.53*** 144.48*** 
 (11.81) (4.45) (35.96) (12.40) (11.97) (4.82) 
       
N 16,231 30,731 2,546 4,778 13,685 25,953 
R-squared 0.80 0.73 0.87 0.77 0.83 0.75 
       
Investment premium b 458.7 421.95 425.05 
       
(2): Conditional on structural characteristics in addition to (1) 
 
Gangnam districts 809.02*** 308.63*** 704.98*** 207.65*** 840.00*** 328.03*** 
 (5.92) (2.20) (14.50) (5.05) (6.42) (2.43) 
       
N 16,231 30,731 2,546 4,778 13,685 25,953 
R-squared 0.64 0.56 0.76 0.65 0.66 0.57 
       
Investment premium b 500.39 497.33 511.97 
       
(1): Gangnam dummy 
 
Gangnam districts 677.13*** 202.30*** 556.69*** 142.90*** 698.83*** 213.28*** 
 (7.49) (2.80) (23.65) (7.40) (7.66) (3.02) 
       
N 16,231 30,731 2,546 4,778 13,685 25,953 
R-squared 0.36 0.15 0.20 0.08 0.41 0.17 
       
Investment premium b 474.83 413.79 485.55 
       
Standard errors in parentheses    *** p<0.01, ** p<0.05, * p<0.1 
a. Each regression includes month dummies.  
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Appendix A: Households’ Decision 
According to the limit of the number of mortgage loans, households that have a house (or 
houses) in Zone A are not allowed to get an individual mortgage more than one per household. 
Suppose that household 𝑖 has two houses: house 𝑎 in area 𝐴 and house 𝑏 in area 𝐵. Area A is 
located in Zone A. Area B can be located in any regulatory zone: Zone A, B, or C. Also, suppose 
that the amount of borrowing for house 𝑎 is the same as that for house 𝑏, and that households who 
finance with mortgage loans utilize one mortgage loan per house.  





















𝑆}    (36) 
 
where the superscripts 𝑎 and 𝑏 indicate house 𝑎 and 𝑏 respectively, ∆𝑃𝑖  is the expected capital 
gains of household 𝑖, 𝑘 is a loss rate of operation, 𝑅 is the amount of annual rent, 𝑖𝑖
𝑀 is the interest 
rate of mortgage loans for household 𝑖, 𝐵 is the amount of borrowing,  𝑃 is a house price in sales 
market, and 𝑖𝑖
𝑆 is the return of alternative investment for household 𝑖. 
There are four cases as follow. 
(i) Case (1): 𝑅𝑂𝐸𝑖,𝑎
𝐽  ≥  𝑅𝑂𝐸𝑖




 ≥  𝑖𝑖
𝑆)   and   𝑅𝑂𝐸𝑖,𝑏
𝐽  ≥  𝑅𝑂𝐸𝑖




 ≥  𝑖𝑖
𝑆) 
(ii) Case (2): 𝑅𝑂𝐸𝑖,𝑎
𝐽  ≥  𝑅𝑂𝐸𝑖
𝑆   and   𝑅𝑂𝐸𝑖,𝑏




(iii) Case (3): 𝑅𝑂𝐸𝑖,𝑎
𝐽  ≤  𝑅𝑂𝐸𝑖
𝑆   and   𝑅𝑂𝐸𝑖,𝑏
𝐽  ≥  𝑅𝑂𝐸𝑖
𝑆  
(iv) Case (4): 𝑅𝑂𝐸𝑖,𝑎
𝐽  ≤  𝑅𝑂𝐸𝑖
𝑆   and   𝑅𝑂𝐸𝑖,𝑏
𝐽  ≤  𝑅𝑂𝐸𝑖
𝑆  
 
In Case (1), the decision combinations and the expected revenues of household 𝑖 are as 
follows: 
  Decision on house 𝑏 




Financing with a 
mortgage 
(not allowed by the limit) ∆𝑃𝑖
𝑎 + ∆𝑃𝑖












Inequality (36) holds, 𝑃𝑎 − 𝐵 > 0 , and 𝑃𝑏 − 𝐵 > 0 . Thus, (1 − 𝑘)𝑅𝑎 − 𝑖𝑖
𝑀𝐵 ≥ 0  and (1 −
𝑘)𝑅𝑏 − 𝑖𝑖
𝑀𝐵 ≥ 0. Therefore, household 𝑖 should make a decision as follows: 
(1) household 𝑖 finances house 𝑎 with a mortgage and finance house 𝑏 with Jeonsei if 𝑅𝑎  ≥
 𝑅𝑏 or 
𝑅𝑎
𝐵




(2) household 𝑖 finances house 𝑎 with Jeonsei and finance house 𝑏 with a mortgage if 𝑅𝑎  ≤
 𝑅𝑏 or 
𝑅𝑎
𝐵







In Case (2), the decision combinations and the expected revenues of household 𝑖 are as 
follows: 
  Decision on house 𝑏 




Financing with a 
mortgage 
(not allowed by the limit) 
∆𝑃𝑖
𝑎 + (1 − 𝑘)𝑅𝑎 − 𝑖𝑖
𝑀𝐵 
+ 𝑖𝑖





𝑏 + (1 − 𝑘)𝑅𝑏 − 𝑖𝑖
𝑀𝐵 ∆𝑃𝑖
𝑎 +  𝑖𝑖
𝑆(𝑃𝑏 − 𝐵) 
 
(1 − 𝑘)𝑅𝑎 − 𝑖𝑖
𝑀𝐵 ≥ 0  and ∆𝑃𝑖
𝑏 + (1 − 𝑘)𝑅𝑏 − 𝑖𝑖
𝑀𝐵 ≥  𝑖𝑖
𝑆(𝑃𝑏 − 𝐵) . Therefore, household 𝑖 
should make a decision as follows: 
(1) household 𝑖 finances house 𝑎 with a mortgage and sell house 𝑏 if − ∆𝑃𝑖
𝑏 + (1 − 𝑘)(𝑅𝑎 −
𝑅𝑏) +  𝑖𝑖
𝑆(𝑃𝑏 − 𝐵) ≥ 0; and 
(2) household 𝑖  finances house 𝑎  with Jeonsei and finance house 𝑏  with a mortgage if 
−∆𝑃𝑖
𝑏 + (1 − 𝑘)(𝑅𝑎 − 𝑅𝑏) +  𝑖𝑖
𝑆(𝑃𝑏 − 𝐵) ≤ 0. 
Therefore, household 𝑖 is more likely to finance house 𝑎 with a mortgage when the following 









𝑏 is small, or 
(3) 𝑖𝑖
𝑆(𝑃𝑏 − 𝐵) is large 




In Case (3), the decision combinations and the expected revenues of household 𝑖 are as 
follows: 
  Decision on house 𝑏 




Financing with a 
mortgage 
(not allowed by the limit) ∆𝑃𝑖
𝑎 + ∆𝑃𝑖




𝑏 + (1 − 𝑘)𝑅𝑏 − 𝑖𝑖
𝑀𝐵 
+ 𝑖𝑖
𝑆(𝑃𝑎 − 𝐵) 
∆𝑃𝑖
𝑏 + 𝑖𝑖
𝑆(𝑃𝑎 − 𝐵) 
 




 ≥  
𝑅𝑏
𝐵
; whereas he/she is more likely to sell house 𝑎 when 
𝑅𝑎
𝐵





In Case (4), the decision combinations and the expected revenues of household 𝑖 are as 
follows: 
  Decision on house 𝑏 




Financing with a 
mortgage 
(not allowed by the limit) 
∆𝑃𝑖
𝑎 + (1 − 𝑘)𝑅𝑎 − 𝑖𝑖
𝑀𝐵 
+ 𝑖𝑖
𝑆(𝑃𝑏 − 𝐵) 
Selling 
∆𝑃𝑖
𝑏 + (1 − 𝑘)𝑅𝑏 − 𝑖𝑖
𝑀𝐵 
+ 𝑖𝑖
𝑆(𝑃𝑎 − 𝐵) 
 𝑖𝑖
𝑆(𝑃𝑎 + 𝑃𝑏 − 2𝐵) 
 
As above, ∆𝑃𝑖
𝑎 + (1 − 𝑘)𝑅𝑎 − 𝑖𝑖
𝑀𝐵 ≥  𝑖𝑖
𝑆(𝑃𝑎 − 𝐵)  and ∆𝑃𝑖
𝑏 + (1 − 𝑘)𝑅𝑏 − 𝑖𝑖
𝑀𝐵 ≥  𝑖𝑖
𝑆(𝑃𝑏 −
𝐵). Therefore, household 𝑖 should make a decision as follows: 
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(1) household 𝑖  finances house 𝑎  with a mortgage and sells house 𝑏  if ∆𝑃𝑖
𝑎 − ∆𝑃𝑖
𝑏 +
(1 − 𝑘)(𝑅𝑎 − 𝑅𝑏) + 𝑖𝑖
𝑆(𝑃𝑏 − 𝑃𝑎)  ≥  0; and 
(2) household 𝑖  sells house 𝑎  and finance house 𝑏  with a mortgage if ∆𝑃𝑖
𝑎 − ∆𝑃𝑖
𝑏 +
(1 − 𝑘)(𝑅𝑎 − 𝑅𝑏) + 𝑖𝑖
𝑆(𝑃𝑏 − 𝑃𝑎)  ≤  0. 




 ≥  
𝑅𝑏
𝐵
; whereas he/she is more likely to sell house 𝑎 when 
𝑅𝑎
𝐵













𝑒 = 𝑟𝑡   for all k and 
𝐸𝑡(𝑃𝑡+𝑘
𝑅 ) = 𝑃𝑡
𝑅 + 𝐸𝑡(∆𝑃𝑡+𝑘

































































































𝑅 = 𝛼𝑡 + 𝑍𝑖,𝑡
′ ∙ 𝛽𝑡 + 𝛾𝑡 ∙ 𝐷𝑖 +  𝑖,𝑡 
𝐸𝑡(𝑃𝑖,𝑡+𝑘




𝑅 ) =  𝐸𝑡(𝛼𝑡+𝑘 + 𝑍𝑖,𝑡+𝑘
′ ∙ 𝛽𝑡+𝑘 + 𝛾𝑡+𝑘 ∙ 𝐷𝑖 +  𝑖,𝑡+𝑘)  
=  𝐸𝑡(𝛼𝑡+𝑘) + 𝐸𝑡(𝑍𝑡+𝑘,𝑖
′ ∙ 𝛽𝑡+𝑘) + 𝐸𝑡(𝛾𝑡+𝑘) ∙ 𝐷𝑖 + 𝐸𝑡( 𝑖,𝑡+𝑘)  
 
Then, the expectation of increment of residential value at period (𝑡 + 𝑘) can be represented as 
follow: 
𝐸𝑡(∆𝑃𝑖,𝑡+𝑘
𝑅 ) = 𝐸𝑡(𝛼𝑡+𝑘) + 𝐸𝑡(𝑍𝑖,𝑡+𝑘
′ ∙ 𝛽𝑡+𝑘) + 𝐸𝑡(𝛾𝑡+𝑘) ∙ 𝐷𝑖 + 𝐸𝑡( 𝑖,𝑡+𝑘) 
−𝛼𝑡 − 𝑍𝑖,𝑡












= 𝛼𝑡 + 𝑍𝑖,𝑡





′ ∙ 𝛽𝑡+𝑘) + 𝐸𝑡(𝛾𝑡+𝑘) ∙ 𝐷𝑖 + 𝐸𝑡( 𝑖,𝑡+𝑘)
∞
𝑘=1
− 𝛼𝑡 − 𝑍𝑖,𝑡
′ ∙ 𝛽𝑡 − 𝛾𝑡 ∙ 𝐷𝑖 −  𝑖,𝑡] 
=  𝛼𝑡 + 𝑍𝑖,𝑡















} ∙ 𝐷𝑖 + 
𝑟𝑡
1 + 𝑟𝑡










By construction, 𝐸𝑡( 𝑖,𝑡+𝑘) = 0. Then, 
 
𝑃𝑖,𝑡
𝑆 = 𝛼𝑡 + 𝑍𝑖,𝑡























Appendix D: Results of Estimation in Preferred Specification in 2018 
  (1) (2) (3) (4) (5) (6) 
VARIABLES Sales Rental Sales Rental Sales Rental 
              
Gangnam districts 677.13*** 202.30*** 809.02*** 308.63*** 570.42*** 111.72*** 
 (7.49) (2.80) (5.92) (2.20) (11.81) (4.45) 
Age of building   -0.41 -10.42*** -5.03*** -12.54*** 
   (0.40) (0.14) (0.33) (0.12) 
# units of complex   0.14*** 0.04*** 0.10*** 0.01*** 
   (0.00) (0.00) (0.00) (0.00) 
parking capacity   96.20*** 48.60*** 80.75*** 36.01*** 
   (6.47) (2.78) (4.88) (2.22) 
Building-land ratio   -3.34*** -3.01*** -6.18*** -2.45*** 
   (0.32) (0.12) (0.26) (0.10) 
Exclusive unit size   -3.72*** -0.88*** -4.93*** -1.28*** 
   (0.18) (0.08) (0.13) (0.06) 
# units of floorplan   0.02*** -0.01*** -0.04*** -0.04*** 
   (0.01) (0.00) (0.01) (0.00) 
# beds   -42.05*** -26.81*** -7.52 -2.47 
   (6.32) (2.65) (4.78) (2.10) 
# baths   52.71*** 22.71*** 13.83** -0.83 
   (8.40) (3.30) (6.31) (2.60) 
Floor   9.06*** 4.13*** 6.67*** 2.83*** 
   (0.42) (0.17) (0.32) (0.13) 
Floor-area ratio   -0.64*** 0.02* -0.69*** -0.16*** 
   (0.03) (0.01) (0.02) (0.01) 
Exclusive-to-total unit size 
ratio   -3.38*** -4.86*** 1.46*** -5.29*** 
   (0.60) (0.24) (0.47) (0.20) 
Han River view     209.68*** 21.44*** 
     (18.10) (5.74) 
Longitude     15.66*** -0.75** 
     (0.90) (0.37) 
Latitude     -58.68*** 0.16 
     (3.91) (1.52) 
Elevation     -2.89*** -0.51*** 
     (0.13) (0.06) 
Dist. to Han River     -0.18*** -0.04*** 
     (0.01) (0.00) 
Dist. to CBD     0.10*** 0.01*** 
     (0.01) (0.00) 
Dist. to green area     -0.22*** -0.11*** 
     (0.02) (0.01) 
Dist. to subway station     -0.16*** -0.08*** 
     (0.01) (0.00) 
Dist. to large general hospital     0.10*** 0.02*** 
     (0.00) (0.00) 
Dist. to commercial area     -0.01* -0.01*** 
     (0.01) (0.00) 
Dist. to large store     0.07*** -0.02*** 
     (0.01) (0.00) 
Dist. to kindergarten     0.01 -0.04*** 
     (0.01) (0.00) 
Dist. to elementary school     0.07*** -0.04*** 
     (0.01) (0.01) 
Dist. to middle school     -0.09*** -0.01* 
     (0.01) (0.00) 
Dist. to high school     0.02*** -0.04*** 
     (0.01) (0.00) 
Ave. test score improvement 
of near high school     7.96*** 3.56*** 
143 
 
     (0.74) (0.32) 
Dist. to private schooling 
cluster     -0.09*** -0.03*** 
     (0.01) (0.00) 
Dist. to special school     -0.07*** 0.01*** 
     (0.00) (0.00) 
Dist. to vocational school     0.01*** -0.00 
     (0.00) (0.00) 
Ave. income     0.75*** 0.19*** 
     (0.03) (0.01) 
% aged 6~9     -31.07*** -14.89*** 
     (3.77) (1.48) 
% aged 60~     -15.32*** -11.48*** 
     (1.11) (0.40) 
% foreigner     4.57*** 4.53*** 
     (1.19) (0.55) 
Gender ratio     -2.14*** -2.65*** 
     (0.42) (0.20) 
% less than high school     0.04 8.68*** 
     (2.22) (0.88) 
% bachelor     -5.32*** 0.18 
     (1.49) (0.60) 
% graduate     18.42*** 10.78*** 
     (0.99) (0.36) 
2.tr_month -35.59*** -21.10*** -6.34 -10.59** 19.96*** -8.57** 
 (13.02) (6.70) (9.70) (4.85) (7.23) (3.77) 
3.tr_month -40.87*** -28.04*** 2.02 -10.30** 53.95*** -9.71*** 
 (13.43) (6.36) (10.02) (4.60) (7.49) (3.57) 
4.tr_month -43.88** -23.71*** 26.12* -17.10*** 50.92*** -18.37*** 
 (17.97) (6.97) (13.42) (5.04) (10.00) (3.92) 
5.tr_month -44.52** -24.99*** -0.42 -28.89*** 41.01*** -29.76*** 
 (17.38) (6.93) (12.96) (5.02) (9.67) (3.89) 
6.tr_month -53.36*** -17.37** -12.13 -17.05*** 43.67*** -22.00*** 
 (16.13) (6.86) (12.02) (4.96) (9.00) (3.85) 
7.tr_month 129.39*** 4.65 87.11*** -1.68 92.06*** -12.74*** 
 (14.15) (6.83) (10.56) (4.94) (7.87) (3.84) 
8.tr_month 159.80*** 17.82*** 150.11*** 7.22 150.59*** 1.95 
 (11.09) (6.71) (8.27) (4.86) (6.15) (3.77) 
9.tr_month 164.56*** 15.52** 201.10*** 8.94* 193.30*** 9.30** 
 (14.26) (6.73) (10.63) (4.87) (7.92) (3.78) 
10.tr_month 52.18*** 26.73*** 125.24*** 14.93*** 152.71*** 9.54*** 
 (19.98) (6.34) (14.92) (4.59) (11.11) (3.57) 
11.tr_month 60.76** 39.93*** 138.72*** 17.32*** 147.18*** 9.43** 
 (26.31) (6.71) (19.64) (4.86) (14.63) (3.77) 
12.tr_month 1.07 30.64*** 68.56*** -7.21 102.46*** -11.51*** 
 (26.96) (6.55) (20.15) (4.75) (15.07) (3.69) 
Constant 884.28*** 644.33*** 1,353.43*** 1,187.20*** 23,360.64** 10,740.69** 
 (8.14) (4.81) (44.55) (18.16) (10,574.60) (4,443.77) 
       
Observations 16,231 30,731 16,231 30,731 16,231 30,731 
R-squared 0.36 0.15 0.64 0.56 0.80 0.73 
Standard errors in parentheses      
*** p<0.01, ** p<0.05, * p<0.1      
 
 
